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PREFACE. 

THE Courfe of Hydroftatical and 
Pneumatical Experiments for 
which thefe Lectures were written, was 
contrived by the Author above forty, 
years ago, and was one of the firft that 
we had in England of any confiderable 
note. From that time it has been often 
performed before large aflemblies at the 
Obfervatory in Trinity College Cam- 
bridge; firft by the Author in con- 
junction with Mr. Whiflon, at that time 
Profeflbr of the Mathematicks, then by 
the Author alone, and after his deceafe 
by my felf : : and on thefe occalions the 
Lectures were frequently lent out to be 
tranfcribed ; by which means a copy fall- 
ing into the hands of a Bookfeller, was 
intended to have been printed without my 
knowledge. By this attempt I was in- 
duced to publhTi a correct edition of them, 
printed from the Author's original 
manufcript. 

The general heads of the Qourfe and 
of the Lectures upon it, may be feen at 
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PREFACE. 

one, view in the fpllowing paper, in 
which every article marked with a Staf, 
referring to a page in the Book, is the 
JubjecT: of a Lecture to be found by that 
reference. And the whole defign is far- 
ther explained by the Author in the be* 
ginning ofuhis firft and twelfth Ledures, 
where he gives his reafonswhy he judged 
it needlefs to write upon the fubje& of any 
more articles than thofe we have here di- 
ftinguifhed. 

As to the method in general of teach- 
ing Philofophy by Courfes of Experi- 
ments, (that is, of drawing general truths 
and conclusions from a felecl: number of 
fimple experiments, firft reprefented to 
our fenfes, and then explained to our un- 
derftandings,) it is now {6 much practifed 
and approved of by the mpft eminent 
Profeffors all over Europe, and has fo 
greatly contributed to the propagation 
and increafe of knowledge, in the little 
time it has been duly cultivated, that no- 
thing more need be {aid to mew the ufe- 
fulnefc .and excellency pf it; and as to 
the Lectures before us, the general fatif- 

fa&ion 



PR EF4CB. 
Jjpiftipn $hey have given, to all thofe cu- 
?jftij8 Peribha who have penned them in 
Djanufcript, .or heard them read, together 
.wj^h the great and eftablifhed reputation 
ojf ttjeir Author, will recommend them to 
tje PubHck r&uch beyond any thing that 
I ea# oifer in their commendation. 

In comparing Tome other Works of 
.put Authpr [a) with the Lectures, before 
us, the reader will find this remark- 
able difference in the ftyle and manner 
of writing. In thofe other works he is 
generally fparing of his words and 
thoughts, that he might not feem tedious 
to .able Mathematicians y in thefe he is 
morp diffufive in thought and expreflion, 
and qondefcends to clear up every appear- 
; ance of difficulty, as writing either for 
beginners or for perfons of common un- 
4erftandings : And he has rendered the 
Pifcourfes more entertaining and ufefiil 
tbaji ordinary, by enlivening the Science 
with a mixture of Learnings and the Hf- 
ftory of the Inventions he treats of ; in 

(a) Harmonia Menftirarum, fiye analyfis & fyntbsit per 
ratjoaum& aogulonun mepforas prbmotsc» &c, : • , 
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which he has been particularly careful to. 
do juftice, and to give; the deferred ho* 
nour to their feveral inventors. 

Two or three noble Truths relating 
to the Preffure of fluids (b) y and the con-: 
ftitution of the Atmofphere (c), the. Au- 
thor has here demonstrated, from the 
ver^ flrft mathematical Elements, with 
fuch uncommon plainnds and perfpicu- 
ity, as cannot fail of giving pleafure to all 
forts of mathematical Readers. As to the 
reft, I am much miftaken if Readers of 
good fenfe and fomc command of atten- 
tion, though unskilled in Mathematicks, 
may not go through it with as much eafe 
and pleafure, as in reading a piece of hif- 
tory ; and upon making the trial, they 
may poflibly conceive a better opinion of 
their own underftandings, with regard to 
thefe matters, than ever they did before. 

Neverthelefs it may probably be fur- 
mifed, as thefe Difcourfes were written 
on purpofe to deduce the properties of 
fluids from a Courfe of Experiments, 
actually performed and explained before 

\b) Left. iii. (e) heSt. ix. and xiv. ' 

the 
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the- reading of each Le&ure, that they 
may not be fo well adapted to Readers 
in general, as to thofe who have feen tbat 
Goucfe, or fome other of the fame kind. 
It muft indeed be confefled, that the lat- 
ter Readers would have an advantage over 
the former, in as much as the Author 
intending to fhew the experiments, be- 
longing to each Lecture, immediately be- 
fore the reading of it, does not always de~ 
feribe them, but frequently reafons upoa 
them as things already feen and under-, 
ftood. But as I have taken care to fup- 
ply fuch defects, by giving descriptions of 
the Experiments in Notes, referring to 
Figures of the proper Apparatus, I pre- 
fume I have entirely removed the fufpi- 
cion abovementioned ; and have render- 
ed the Lectures as clearly intelligible, and 
as well adapted to the tafte and capacity 
of all forts of readers in the form they 
now have, as if the matter of the Notes 
liad been every where inferted in the 
context of the Lectures by the Author 
himfelf. I have alio added here and there 
a few Mathematical Notes, upon fuch 

points 
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joints as the Author had but Hgkf^ 
touched upon, or only mentioned, to 
thought improper to be introduced into 
popular difcourfes. 

When he exhibited and explained his 
Inftruments for determining the ftate of 
fche weather> as Barometers, Thermome- 
ters and Hygrometers of various forts, for 
^ Le&ure on this fubjeft he conftantly 
read Dr. Halhy* Account of the rijmg 
Of td falling of the mercury in the barotne- 
tfr 9 upon change of weather \ as whajt he 
perfectly approved. With, the Do&er 
leave I have therefore reprinted that ext- 
sellent Dife ourfe of his; f*;om the Philo- 
fophical Trania&ions, and placed it in an 
Appendix to thefe Leclures : ' and have 
added to it a- Tranflation of Sir Ifaof 
Newtoris Scale of degrees of heat y taken 
alfo from the Tranfa&ions ; as direcling 
us, among other great curiofities, to fuch 
a Conftrudtion of Thermometers, as (hall 
caufe them to denote the feme degree of 
heat, though they have never been actu- 
ally compared together : which ufeful 
property is ftill wanting in moft Ther- 
4 mometers. 
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jB&ftgtef s. I have therefore defcribed this 
Conftrudion at the end of that admirable 
paper. 

For the ufes of Hygrometers Mr. Cotes 
referred his pupils chiefly to Mr. Boyli* 
Tracts upon that fubjecl:. , 

Laftly, becaufe in the Le&ure upon 
Capillary Tubes many particulars are 
granting, which fince the Author's de- 
cease have been difcovered and explained. 
by Dr. Jurin, his particular friend, as 
Well as my own, I could not do better, 
with the Do&or's leave, than clofe my 
Appendix with his very ingenious Di£- 
oourfes upon that fubjecl: « And to make 
i&e Book mom ufeful, I have added an 
alphabetical Index of the matters cpn- 
fainfd in it. 
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THE ,HPADS OF THE r 

The heads of a Courfe of Hydrojiatkal 
and Pneutnatical Experiments^ as per- 
formed at the Obfervatory in Trinity 
College, Cambridge, 

Hydroftatical tryals and conclufions. 

THA T fluids gravitate in proprio loco, the up- 
per parts continually prejjing upon the lower $ 
that this prejfure is not only propagated down- 
wards y but even upwards and fide-ways, accord- 
ing to allpqflible SreSHons -, that a lighter fluid 
may gravitate upon an heavier, and an heavkr 
upon a lighter. * Page 1. Led:, i, 

That a fluid may fuflain a body heavier in fpecte 
than itjelf, and even raife it up -, that a fluid may 
detain a body lighter in fpecie than itfelf, and 
eoen deprefs it ; that a competent prejfure of a 
fluid may produce the remarkable pbanomena of 
the Torricellian tube, pump, Jyringe, fipbon, ' 
polijhed plates, and other *ejfe£ts of the like na- 
ture. * Page 12. Left. ii. 

That fluids prefs according to their perpendicular al- 
titudes, whatever be their quantities, or however 
the containing vejfels be figured; the exaft efli- 
mate of all manner of prejfures ; the invention of 
the center of prejfure, upon any propojed plane, 
reduced to the problem of finding the center qf 
percujion. * Page 27. Ledt, iii» 
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COURSE A$TD LECTORS. 

Of the Jinking and floating of bodies immerfed in 
fluidf&Beir relative gravities and levities, their 
Jiiudtiqns and pofltions: the phenomena tfglafs 
bubbles ^accounted for. * Page 44. Left. iv. 

The hydrojlatical balance explained, with the me- 
thods of determining thefpecifick gravities of all 
forts of bodies thereby. * Page 57, Left. v. 

*fbe praxis of the bydrofiatlcal balance\tbe Jpecificfc 
gravities of fever al particular bodies aBuaUy 
found out ; with an account of the various ujis 
ofjucb enquiries. * Page 74. Led. vi. 

Pneumaticks illuftrated by experiments 
for the moft part tubular, being fuch 
as were wont to be made before the air- 
pump was invented. 

The fever al phanomena of the Torricellian experi- 
ment exhibited and explained. * Pag. 86. Le&Mu 

McnfleUr Paicarj- imitation of the fame experiment 
by watery other experiments of the like nature 
with fluid* varioufly combined*, the preffureof 
the air, jhewnby experiment to be different at 
different altitudes from the furface of the earth. 
* Page 98. Led. viii, 

The denjity and fpring of the air proved to be as the 
farce which compreffes it, and from hence an en- 
quiry is made into the limits andjlate of the at- 
mofphere. * Page 113. Left. ix. 

The 
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The efeBs of the weight ami tiring of tin wr^ 
Jyringes, fu^s^fi^om, podded pitttts, cuffing 

flqjfis, Jutfitm, reffiraikm, &c« * Page \jtj. 
,e&, x, . • . * 

Jnfirumentsjbr detertotihmg the fiate of the tied- 
tier. ;> * 

ffie phcenofneiia of capillary tubes, glajs flaneY, the 
figures of the furfaces vf fluids, and other things 
relating to the fame bead considered. * Page 137, 
Led, xi» 

The more known properties of the air 
eftablifhed by the air-pump, and other 
- engines, 

$ HE air-pump, the instruments for eondenfing 
and transj erring air, their fabric^ operation^ 
and gages explained. * Page 150* Led. xii. 

jin account of the fever alfuccejfhe degrees in which 
the air is expanded and compreffed by the air- 
pump and condenjer. * Page 164, Led* xijH. 

A parcel of air weighed m the balance \ iujpeci- 
fick gravity to that ofwatet determined thereSy: 
a fe^ond enquiry into the fiate of the atmojpher^ 
* Page, 183, Led, jciv* 
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COURSE <ANt> 'XE€TtfRSS. 

Tbi*>t%bt pfejfm imd jfrrittg $ *tbe air proved 

yjh0alw*fs3 bythefiftfteffeetmg, by breaking 

gtyft vials, by the phenomena ofNadd^rs^glafs^ 

bubbles j fountains \ the gardeners watering pot, 

tfee diving bell, &c. , -, > 

Siphons t Jyringes, polijhed plates, the Torricellian 

tube in vacuo; quickfiher ] raifed to the ufual 

m height of the weatber-gla/s by the barejpring of 

a little included air} Otto Guericfce\r hemi- 

fpheres. 

The ebullition of liquors in vacuo, the quantity of 
air contained in them, the fuftentation of fumes 
and vapours, the defcerit of bodies in vacuo, the 
refrdStion of air. 

The rtiore hidden properties of the air 
copfidered by the help of the like 
engines* 

The influence of the air examined as to the caufes of 
magnetifm; the elaftmty ofjprings, the fphericity 
pftbe drops of fluids* the af cent of liquors in ca~ 

- : f8l*ry tubes , the refleSlion of light from the far- 

- ; tberfurface ofglaffes, &c. 

The influence of the air as td founds, fire and flame, 
the confumption of fuel. * Page 200. Left. xv. 

The effect of rarefied and condenfed air upon the 
life of animals, 

A piece 
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THE HEADS, &c. 

Apiece of pbbfpborous in vacuo; Mr. Haukfbee'j- 
experiments concerning the mercurial pboJphori % 
. and concerning the attrition of bodies in vacuo. 

The fame ingenious perfons experiments concerning 
the vitreous pbofpbori : experiments relating to 
tbe ekSricity of bodies* 

Air fometimes generated, fometimes con/umed; tbe 
nature of factitious airs, explofions in vacuo, dip- 
Jblutions, fermentations, &c: * Page 220. 
Left. xvi. 



Contents of the Appendix. 

I. *T*HE reafon of tbe rifing and falling of tbe 
*** mercury in tbe barometer, upon change of 
weather t by Dr. Halley. Page 246. 

II. Afcale of degrees of beat by Sir Ifaac Newton : 
with a conflruSlion of an univerfal Thermometer. 
Page 253. 

IJI. An account of fome experiments fhewn before 
tbe Royal Society ; with an enquiry into the caufe 
of the afcent and fufpenfion (f water in capillary 
tubes, by Dr. Jurin. Pag? 265. 

IV. An account of fome new experiments relating 
to tbeaSlion of glafsupon water and quick/iher, 
by Dr. Jurin, Page 274. 
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I LECTUkE L 

^that fluids gravitate in proprio loco, the upper 

\ parts continually prejfing upon the lower ; that this 

preJJUreis not onlypropagatedddwnwards but evert 

upwards andfldeways according to aUpofJible di~ 

j re&ions ; that a lighter fluid may gravitate upon 

a heavier and a heavier upon a lighter i 

Before we begirt our experiments it may 
be convenient to give fome account of tbe 
method I intend to follow throughout the 
whole courfe, and to alldt to each of the four 
weeks, in which I hope to finilh ray defign, 
; its diftindt (hare of the tryals, by which I propofe 
\ to make out and clear up thofe truths and con^ 
clufions in hydroftaticks and prieu ma ticks, which 
feem tp be the. moil fundamental and of the 
chiefeft importance, Hydroftaticks and pneu- 
maticks have in nature fo near a relation to each 
A other, 
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other, tjiat they ought never to be feparated : b$ing 
therefore both comprehended in one courfe, they 
are difpofedinto that order which was judged to 
be the moft natural for deducing one confequence 
from another which was proved before, moft ea- 
fy for performing the experiments, thofe being 
ufually placed together which require a very lit-, 
tie different apparatus, and moft conformable to 
the fucceffion of times in which the experiments 
and the truths eftablifhed from them appeared in 
the world. 

In this firft week then I fhall endeavour to fet- 
tle the grounds of hydroftaticks, and to account 
for thofe various effects which depend upon the 
preffure of fluids againft other fluid and folid bo- 
dies. As this fcience began firft to be cultivated 
and was brought to a confiderable degree of per- 
fection by the fagacity of the great Archimedes, 
fo is it the moft folid foundation upon which our 
modern philofophers have built their admirable 
dottrine of the air's prefliire : which notion feems 
firft to have been ftarted about an hundred years 
ago by the famous Galileo, and was happily pro- 
fecuted by his fcholar Torriceilius, and after him . 
by feveral of the moft eminent Virtuoji of Europe. 
Whoever (hall attentivelyconfider the feveral phe- 
nomena which I fhall this week prove to depend 
upon the gravitation of fluids in general, will find 
it no difficult matter, when we come afterwards 
to the air, which is a particular fluid and which I 
fhall prove to be not devoid of weight, as it was 
formerly thought to be, to explain by the gra- 
vitation "of this fubtle fluid thofe once furprifing 

effects 
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effe&s which fo much puzzled the phikofbphers, 
and compelled them for concealing their ignorance 
to run into very great absurdities. 

Having affigned to this firft week the bulinefs 
of hydroftaticks, in the next I (hall enter upon 
pneumaticks, which furnifh us with the know- 
ledge of the nature and properties , of the air. 
I need not here infift upon the ufefulnefs of this 
frience, fince it cannot but be well known to eve- 
ry one, how much all natural philofophy depends 
upon it ; there being no one body in the world 
that has a more univerfal influence upon the ge- 
neral courfe of nature than the air. The fa- 
mous Torricellian experiment was that which 
firft alarmed the philofophick world, and his 
mercurial tube has juftly been as much celebrat- 
ed for opening the way to pneumatical difcoveries, 
as his matter Galileos optick tube has been for / 

the advancement it has made in Aftronomy. Af- 
ter Torricellius many Italian, French and Englijh 
gentlemen made feveral other, for the moft part, 
tubular experiments, to illuftrate and confirm the 
dodtrine of the air's preifure before the air-pump 
was invented. I have therefore in the fecond 
week propofed to exhibit thole tubular experi- 
ments which were commonly made before the 
air-pump was ufed, adding to them fome others 
of the like nature that have fince that time been 
thought on. 

In the third and fourth weeks I defign to repeat 
the principal experiments that are wont to be tried 
with the air-pump and condenfer, fuch of them 
at leaft as the apparatus of inftruments which we 

A 2 have 
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have at pfefent arc capable to exhibit. For though 
our air-pump be as commodious as any that ra$ 
yet been mnde, yet our condenfer is not fuch as 
I could' wi£h for, and I hope fome time or other 
to be furnifhed with an engine which will per- 
form both parts with more advantage than cai* 
be expe&ed from our prefcnt inftruments, art<$ 
that the reft of our apparatus may be £o enlarged 
as to afford us a greater plenty of experiments. 
In our third week then I intend to make fuch 
tryals as feern to be moft pertinent for eftablifh- 
xng the principal properties of the air, fuch as 
its weight, fpring, preffure, refiftance, refradtion; 
explaining by thefe properties feveral remarkable 
eflfe&s. Now though fome of thefe properties will 
be deduced from the tubular experiments of the 
foregoing week, yet I fuppofe that no body will be 
difpleafed to fee fuch things, which were once and 
not long ago very much controverted, made out 
J>y more ways than one. 

To the fourth and laft week I have allotted 
fuch experiments as (hew fome very notable ef- 
fects of the air, which depend upon more hid- 
den properties than thofe explained in the third 
week. Amongfl: thefe we may reckon the ex- 
periments upon the life of animals, upon flame, 
and others of that nature. And becaufe feveral 
effedts have been by philofophers afcribed to the 
air which do not belong to it, I defign at the fame 
time to confute thofe errors by matter of fad: and 
experience. This is the method which I have 
propofedto myfelf in our prcfent courfe of ex- 
periments. 

Omit- 
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Omitting then all further preliminaries, let us 
begin with nydroftaticks. The fignification and* 
reafon of the name need not here be explain-" 
ed, ~nor need I tell you that by hydroftaticks is 
now commonly underftood that part of natural 
philofophy which confiders the equilibrium and 
preflure of flqids in general, though that word 
ieems to be reftrained to water, which is a par- 
ticular fluid and the mod obvious of all others, 
and by means of which we fhall make out mdft 
of our following conclufions. For whatever can 
be proved by experiments and reafon to belong tQ 
any one body which is both fluid and heavy, up-' 
<?n account of its being fluid and heavy, muft be-* 
long to all other bodies which are fluid and heavy. 
If a due caution be obferved, we may very fafely 
be allowed to draw general conclufions from ex- 
periments, which cannot otherwife be made but 
upon particular bodies. 

Fluidity and gravity being the qualities which 
are of great concern in hydroftaticks, it will not 
be amifs to fay fomething concerning each of 
them in this place. It is befide our purpofe to 
enquire into the caufes of thefe two properties of 
bodies ; I fhall only obferve of fluids that they 
are fuch whofe parts yield to any force exercifed 
upon them, and by yielding areeafily put in mo- 
tion amongft one another. But whence this dif- 
pofition arifes of giving way to, and bdng moved 
by every the lcaft impreflion is a problem not rea- 
dily to be folved; I had rather wholly pafs it by 
than propofe uncertainties about it. The famous 
materia fubtilis has been a conftant refuge to our 

A 3 modern 
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modern philofophers as well in this as in all other 
difficulties, but that way of juggling does now at 
laft very juftly begin to be out of credit, and . 
ought altogether to be laid afide, till fufficient 
reafons can be produced for its admittance. 

Gravity is well known to be the endeavour 
and tendency of bodies towards the center of th# 
earth. It is a property of fo univerfal an extent 
that no one body in the world is yet known to be 
without it j not air, which as I (hall afterwards 
£hew, may be weighed in the balance ; nor 
fumes nor vapours, which feem to be lighter than 
air itftlf by their afcending in 1t, as I (hall prove 
by experiment : and the excellent Mr. Boyle has 
found out ways to make even flame itfelf pon- 
derable. 

Now though mod men without any difficulty 
allow thus much, that water and other fluids are 
really ponderous, and do atfually gravitate when 
taken as a whole body, being convinced by their 
ferifes that a veflel weighs lefs when empty than 
-when filled with any fluid, and weighs ftill more 
as it contains more of the fluid* yet notwithftand- 
ing this, many eminent men have found much 
difficulty to believe that the parts of fluids do gra- 
vitate/^ prbprigloco, as they fpeak, or upon one ano- 
ther. It would be endlefs and tedious to go about to 
enumerate the feveral prejudices which have been 
the occafionsof this error among the philofqphers, 
whilft they have chofen rather to oppofe any 
truth which came in their way, than forfake the 
opinion however falfe they had once refolved to 
adhere to. But fince this error if admitted muft 

of 
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of neceffity fubvert the foundations of all hydro- 
ftaticks, and the contrary truth is that by which 
moft of our following conclusions muft be ex- 
plained, I ought ndt to proceed any further till I 
have cleared up this matter. 

It is evident from daily experience that in any 
.fluid the weight of the whole is equal to the v 
weight of all its parts, of what magnitude or num- . 
ber fo ever thofe parts are fuppofed to be; and if 
any part be taken from the whole, the weight of 
the whole will be diminished by the weight of that 
part; if any part be added to the whole, the weight 
of the whole will likewife be increafed by the 
weight of the part which was added; and it feems 
from hence to be a reafonable conchjfion that the 
weight of the whole is cpmpofed of the weights 
of the feveral parts, and that the partsdo there- 
fore gravitate even in the whole, or, according to 
their way of exprefling it, in proprio loco. Not- 
withstanding fo obvious and neceflary a dedudtion, 
the oppofers of it have been fubtle enough to 
elude the. truth by a diStindtion which they have 
invented. They grant that the parts do by an 
united adtion caufe the gravitation of the whole, 
but deny that they do Singly and feparately gra- 
vitate in proprio hco 9 £0 as to compofe by that 
. means the whole gravitation. Whenever it can 
be clearly made out that a number of "agents may 
jointly produce an efFedt, whilft each Singly con- 
tributes nothing to that efFedt, it may then be 
time to anfwer this fubterfuge. 

Notwithstanding fo neceSTary an d obvious a de- 

dudtion, there have been two grand arguments 

A 4 ufually 
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pfually produced againft the doctrine we affert, 
which if anfwered will alfo render the reft of the 
objections invalid, they being for the moft part ' 
reducible to. the one or the other of thofe two f 
It is an experiment obvious to every body that a 
bucket full of water is lighter in the water than 
put of it, nor does it weigh more when full in the 
water, than when empty out of it; therefore' 
they conclude that the water in the bucket, bt* : 
paufe it is within water, its own element, does 
pot gravitate. The other inftanCe is taken from 
divers, who are faid to feci no fenfible preffure 
under water, though they often defcend to veTy 
great depths ; therefore they again conclude that 
the parts of water do not grayitate nor confe- 
quently caufe any preffure in proprio loco. Now 
granting the matter of fa& to be true in both 
thefe cafes, though it may juftly be queftioned as 
to the bufinefs of diving, yet till they can prove 
that thefe matters of fadt are no other way to be 
accounted for than by that which they have pro- 
pofed, their Inferences can by no means be allow* 
ed them. 

I fhall take an opportunity whilft we are upon 
hydroftaticks, to give the true reafon why the 
weight of the water in the bucket ought not to 
be perceived whilft the bucket is in water, though 
it do really at that time retain all its weight 
which it has when taken out of the water. And 
as to clivers, though we allow that at the depth of 
thirty-two feet under water, they have upon th§ 
furface of their whele bodies a more than ordi- 
nary preffure of twenty ^thoufand pounds weight, 

yet 
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yet when we cojifider the uniformity of that pref. 
furd und its equability, which caufes no difloca-> 
tios of parts, all the external being equally affect- 
ed with it, and being internally fupported by the 
air and other ejafticjc fluids, which conftantly en^» 
deayour the more to expand themfelves as they 
are .-'more compreft ; when we alfo canfider the 
firm texture of the membranes and other folid 
parts of human bodies and the incredible force 
they are able to bear, as has been made evident 
by experiments; we (hall not much wonder that 
divers complain of no fenfible pain though they 
be certainly preft with fo great a weight of water, 
befides the ordinary pieffure of the air, which our 
bodies a|re continually expofed to, which is equal 
at leaft to that of water at the depth of thirty-two 
feet, or twenty jhqufand pounds : fo that the 
whole preffure to which a diver is expofed at thirty- 
two feet under water, is about forty thoufand 
pounds. Since then we have proved that fluids do 
gravitate in propria loco> and thefe difficulties do 
not deflroy that afl^rtion, as the propofers of them 
*yould make us believe, when they tell us they 
cai>not otherwife be explained, what has been 
hitherto faid might be taken for a fatisfadlory an- 
fwer to the objections; yet becaufe this truth is 
of fo great moment I will endeavour to confirm 
jt by two experiments levelled againfi; thofe two 
obje&ions, (hewing by the firft of them that 
fluids lofe nothing of their weight in propria loco 
(tf) and by the fecond that the lower parts of 

(a) Fluids \qfe nothing of their weight inproprio loco. 
Exp. i. Fig. j, reprefents a roundifh giafs bottle, thick 
f nough when empty to fjnk in water, with a flop-cock ce T 

mentecj 
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fluids are -preffed by the upper, and communicate 
that prcfiure to the bodies cxpofed to their con- 
tad. I will alfo add other experiments to prove 
that the preflurecaufed by the gravitation of fluids, 

merited to the mouth of it ; whereby a quantity of air may 
be taken out of the bottle by an air-pump, and be hindered 
from returning by (hutting the cock ; in order to give paf* 
fage and room to a quantity of water, equal in bulk to the 
cxhaufted air, as foon as the cock {hall be opened under water 
contained in a larger veffel. 

The air being cxhaufted, let the bottle be fufpended by ft 
wire to the beam or fcale of a balance, and let it be exactly 
counterpoifed in the air by the weight A in the oppofue 
fcale. 

Again when the bottle is fufpended in a veffel full of water 
and wholly immerfed, let it be counterpoifed by a weight B, 
after A is taken away and referved. 

Then having opened the cock under water, to let it run 
into the bottle, after the running is over let a third weight C 
together with B reftore the equilibrium of the balance. 

It is plain then that C is the weight of the water let into 
the bottle, even while it communicates with the water in the 
veffel. 

Having {hut up this water in the bottle by turning the cock 
while under water, take the bottle out of the water, and while 
it hangs in, air at the beam of the balance, take the weight B 
from the oppofite fcale and reftore A in its ft&ad, then will 
the weights A and C exactly counterpoife the bottle and the 
water within it. 

Which {hews that this water weighs juft as much in air as 
it did before (in propria loco or) in the water of the veffel, the 
cock being open. 

(b) Preffure is caufed by the gravitation cf a fluid and is 
propagated every way alike. 

Exp, 2. Fig. 2, 3, 4, reprefent tubes bent near their 
lower ends into various angles. They were firft filled at 
their lower orifices with quickfilver, which refted in the 
longer legs upon a level with thofe orifices, and then were 
dipped in a deep glafs veffel filled with water, which while 
the tubes were descending, gradually preffed the quickfilver 

frp.W 
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is not only propagated downwards but even up- 
wards and fide ways according to all poffible direc- 
tions (<£), that a lighter fluid may gravitate upon, 
a heavier, and a heavier upon a lighter (?)• 

from the lower orifices towards the higher, where the water 
could not enter. 

Fig. 5. To fhew that preffure is propagated even up- 
wards as well as all other ways, dip an open end of a very 
narrow-bored tube into quickfilyer, then flopping the upper 
end with your finger, lift up the tube, and a fhort column 
of the quickfilver will hang in the lower end, which column 
when dipped deeper into water than about fourteen times its 
own length, will not only be fufpended but even prefled up- 
. yrards, after your finger is removed from the upper orifice. 

(c) Fig. 6. A lighter fluid may gravitate upon a heavier, 
and a heavier upon a lighter. The firft part of this propofi- 
tion has juft been proved by the foregoing experiments, and if 
any oil that is lighter than water, be put into the lower end 
of a bended tube, it will alfo be depreflcd by the water in the 
yeflel, arid force*! from the lower orifice towards the higher* 
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LECTURE II, . ; * 

That a fluid may fuflain a body heavier infpecie thaft\ 
itfelf and even raife it up, that a fluid may detain 
a body lighter injpecie than itfelf and even deprefs 
it, that a competent prejfure of. a fluid may pro* 
duce the remarkable phancmena oj the Torricel- 
lian tube, pump, fyringt, fiphon, polijhed piaicp. 
and other ejfeffs of the like nature. ? 

YEfterday it was proved that fluids retain their 
gravitation in proprio loco, and by that 
gravitation preffed upon bodies expofed to their 
contact, that this preffure is not only propagated 
downwards, according to the tendency of heavy 
bodies, but alfo upwards and fideways according 
to all manner of dire&ions* 

I defign this day to make fome farther experi- 
ments concerning the preffure of fluids, by which 
I fhall endeavour to demonftrate fome of its 
more general effedts ; referving the particular and 
cxadt eftimate of all manner of preffures to my 
next letture. In the choice of this day's experi- 
ments I have had regard to fome of the moft ob- 
vious and notable phenomena, that are now-a- 
days explained by the air's gravitation ; fuch 9$ 
the ftrong cohefion of poliflied plates, the fufpei^ 
flon of quickfilver in weather-glafles, the effe&s 
qf fyririges, pumps, and fiphons* If we can rriakq 
it appear, that thefe things not only may depend 
upon the gravitation of a fluid > but muft necejf- 
farily be the confequence of fuch a gravitation, 
and can afterwards prove, that the air itfelf is a 
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gravitating fluid, and can determine the propor- 
tion of its fpecifick weight to that of any other 
flutH, it will be no difficult matter from- thefe 
things laid together, to evince diredtfy, that the 
pireflilreof the air is the caufe of thofe phenome- 
na, and feveral others of the like nature. Let 
us thenconfult experience, and try whether any 
thing analogous to what I have been mentioning, 
be the refult of that preffure, which is caufed by 
the gravitation of fluids (a). 

Thefe experiments will need fomething of an 
explication ; I fhall therefore give the reafon why 

{») Here the author made the following experiments and 
explained them in the fequel of his le#ure. , 

cxp. i. In Fig. 7, a b reprefents a large round plate of ■( 

thick brafs, whofe upper furface being covered with wet 
leather, is applied fo clofe to the orifice c d of the inner vef- 
fel, as to hinder the entrance of the water contained in .the 
outer veflel. Now if this plate be held tight againft the fail 
orifice, by pulling the wire e fixed to the, plate, till it be im- 
inerced to a fufEcient depth of water in the outer veflel, the 
plate will be fupported by the preffure of the water a&ing 
upwards, though the hand be taken from the wire* The 
margin of the inner veflel is made broad enough to hang up- 
on the margin of the outer. 
• Exp. 2% has already been defcribed, Pag* io\ Not* (£) 

Exp. 3. Fig. 8, reprefents a fmaH glafs cup having * 
flat wooden bottom, well planed and fixed to the glafs with 
cement. Upon this bottom place a thick wooden plate, 
whofe under furface is alfo well planed, and prefs it againft 
the bottom with your fingers v/hile quickfilver is poured in- 
to (he cup fo as almoft to fill it. Then take away your 
finger,s, and the wooden plate will fti 11 be detained at the 
bottom, until you disjoin it by pulling the pin fixed to the 
middle of it. 

Exp. 4. Fig. 9. Any fort of oyl lighter than water, h 
. poured into the roorter leg of a tube bent parallel to the 

longer, 
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the events ought to be fuch as we have feen, and 
afterwards infer thofe confequences which I told 
you were the principal motives that induced me 
to make theie tryals. 

The caufe of the firm adherence of the brafs 
plate to the orifice of the glafs to which it was ap- 
plied, is this 5 that the parts of the water imhie* 
diatelycontiguous to the under furfaceof the plate, 
were very much prefled by the water which was 
above the level of the under furface of the plate, 
and which furrounded the glafs to whofe orifice 
the plate was applied, that fuperior and ambient 

longer, then while the tube defcends gradually into a veffel full 
of water, the oyl will defcend in the fhorter leg and afcend 
in the longer. 

Exp. 5. Two cylindrical cups containing tinged water T 
whofe furface is about an inch higher in one than in the 
other, are placed within a larger glafs veffel, whofe bottom 
is levelled with bees wax, that the cups may ftick to it and 
ftand upright. Into the tinged water in the cups put the 
legs of a glafs fiphon, having an open pipe inferted into the 
middle of it, as reprefented in Fig. ii, and put a wooden 
cover over the veffel, having a hole in its center to receive 
this pipe and keep it upright ; then through a funnel, infert- 
ed into another hole in the cover, pour oyl of turpentine into* 
the larger veffel, till it flows into the cups and rifes above 
the arch of the fiphon. The preffure of the oyl upon the tinged 
•water in the cups, will caufe the water to pafs through the 
fiphon from the higher cup to the lower, till the furfaces of the 
water be 1 educed to a level rn both the cups. 

Exp. 6. The laft experiment being eafily explicable, is ap- 
plied to explain the effect of a common fiphon, which is no- 
thing elfe but a bended pipe, whofe fhorter leg being put into 
any liquor and your mouth being applied to the longer, to fuck 
up fome liquor, the reft will continue to afcend in the fhorter 
leg and defcend through the longer, till the whole beexhauft- 
ied from the veffel. 

water 
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water communicating 'a preflure downwards to 
thofe parts upon the fame level which were di- 
rectly under it,and thefe again laterally communi- 
cating the preflure they had received, to the othet 
parts upon the fame level which were immediately 
under andcontiguoustothe plate. For if the parts 
of the water contiguous to the plate were not as 
much prefled as the others upon the fame level, 
which were diredily under the ambient water, they 
could not by reaction be able tofuftain the preflure 
of the others, but would give way to the admit- 
tance of a further preflure, which rauft for this 
very reafon be increafed till both came to an e- 
quipollency. The water immediately contiguous 
to the under furface of the plate being thus pref- 
fed, by communicating its preflure upwards caufes 
this ftrong .union of the plate and the orifice of 
the glafs, notwithftanding the weight of the plate 
by which it endeavours to defcend and to be dif- 
united ; which we faw it adtually did effect when 
it was not fo deeply immerfed, and had not fo 
great an altitude of water as was able to caufe a 
fufficient refiftance. 

Now to know what depth of water is able to 
caufe a fufficient refiftance, we ought to know the 
weight of the plate and whatever elfe is annexed 
to it, as in our cafe the wire and the leather 
which covers its upper fide. We muft then im- 
merfe it fo deep at leaft that the perpendicular 
diftance of the under furface of the plate and up- 
per furface of the ambient water, be equal to the 
height of a column of water 'whofe bafe is equal 
to die under furface of the platfe,and weight equal 
4 to 
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to the weight of the plate with whatever is an- 
nexed to it. For then the preflure of the water 
againft the plate* will be a balance to the weight 
of the plate agjinft the water, as niay (among 
other ways) be thus linade out. 

Every part of water which is diredtly under 
and contiguous to the plate, receives and com^ 
municates a preSbre equipollent to that of every 
equal part of water upon the fame level, which is 
dire&ly under the ambient Water, as hath been 
proved before ; now thefe parts which are under 
the ambient water receive their preflure frotn the 
weight of the column of water, which is perpen- 
dicularly incumbent on them, and by their re- 
action fuftain that weight, therefore the preflure 
which every one of thefe parts receives and com- 
municates, is equipollent to the weight of its re- 
ipedive fuperior column j fince then the parts of 
water contiguous to the plate, which are equal to 
thofe we have been fpeaking of, receive and com- 
municate the fame degree %f preflure, the preflure 
of thefe alfo will be equipollent to the weight of a 
like column of water ; and the fum of their pref- 
fures or the force with which they do unitedly fufi 
tain the plate, will be equipollent to fo many fuch 
columns, as there are parts of water contiguous to 
the under furface of the plate. * Now all thefe 
columns together are equal to a cylinder of 
column having that under furface of the plate for 
its bafe, and the perpendicular diftance of that 
under furface of the plate and upper furface of the 
water for its altitude. If therefore the weight 
of that cylinder be any thing greater than thfc 

weight 
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weight of the plate, the plate will be fuftained ; if 
the plate be not fo deeply immerfed that the 
weight of the cylinder be at leaft equal to the 
weight of the plate, the plate will be disjoined, by 
its excefs of weight, from the orifice of the glafs ; 
if it be deeper immerfed, the preflure of the water 
will by its excefs of weight, be more than fuffir 
cient to fuftain it. 

The fpecifick gravity of brafs to that of water 
is nearly as eight is to one, I meaa that bulk 
for bulk brafs is about eight times heavier than 
water ; therefore the weight of a cylinder of wa- 
ter will be equal to the weight of a cylinder of 
brafs, if their bafes be equal and the altitude of 
the water be eight times as great as the altitude of 
the brafs. Hence we may conclude that our plate 
which is of brafs, ought to be immerfed uoder 
water at leaft eight times its thicknefs, to be fup- 
ported by the water. For the fame reafon a 
plate of pure gold, which is the moft ponderous 
body we meet with, would require near twenty 
fimes its thicknefs. Upon this account it was that 
Mr. Boyle propofed one of his hydroftatical para r 
doxes in thefe words, c Thatafolid body as ponderous 
as any yet known, though near the top of the water it 
will Jink by its own 'weighty yet if it be placed at a 
greater depth than that of twenty times its thick- 
nefs, it will not fnky if its defcent be not ajjijied by 
the weight of the incumbent water. 

The other experiment in which the quickfilver 

which is yet heavier than brafs, was fuftained 

by water, which is a fluidwBbut fourteen times 

(pecifically lighter, is explicable the fame way. 

f B I will 
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; t will therefore only take notice that, whereas I 
aflerted before that an heavier body immer&d in 
a fluid may be either immerfed fo deep as to be 
jiift fuftained, or more than juft fuftained, or fo as 
to'be not quite fuftained, according to the different 
weights of the body to be fuftained and the 
column of the fluid that was before defcribed, the 
truth of the aflertion is in this experiment Very 
manifeft. For when we immerfed the quick- 
filver to a juft depth, we faw it reft in the pipe 

r without either afcending or defcending ; if the 
pipe were thruft deeper, the quickfilver in it was 
impelled upwards by the force of a more than 
fufficient preflure of the fluid $ if the pipe were 
raifed above that juft depth, the quickfilver by its 
excefs of weight would in part fall out. This 
experiment will never fucceed unlefc the pipe 
which contains the quickfilver be of a very nar- 
row bore; for if it be not fo, the water will get ^ 
paffage by the fide of the quickfilver, and this 
changing of places will foon fruftrate the event. 

The experiment of the wooden plate remain- 
ing at the bottom of the veflfel filled with quick -r 
filver, would pbffibly appear ftrange to fome who 
are unacquainted with the true principles of hy-? 
droftaticks, and prejudiced with the falfe notion 
of pofitive, real or abfolute levity. For if that 
imaginary levity were indeed the caufe why light 
bodies afcend in fluids lefs light than themfelves, 
we fhould be utterly at a lofs in explaining this 
phenomenon. For what reafon can we aflign 
why the wooden plate by the force of its imagin*- 
ed levity fhould not in this cafe, as well as in all 

others* 
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? others, make its way through the body of the 
quickfilver, which is by fo great odds lefs light 

^than itfelf. But if this pofitive levity bereje&ed 
as we fhall afterwards give further proof that ".it 

> ought to be (there being no fuch thing in nature 
as a pofitive levity of bodies) and the gravitation 

- of fluids be admitted, which we /have already 

. fhewn to be confonant to reafon and experience, 
this difficulty will ihftantly vani(h. For it can- 
not but be evident that the plate ought always 
to remain at the bottom, unlefs it be difplacecl 
and impelled upwards by fome adventitious force, 
which in our cafe , does not happen, the quick- 
lilver not being able to infinuate itfelf betweca 
the plate and the bottom upon which it refts, nor 
consequently by its preflure upwards, againft the 
under furface of the plate, to remove it to the 
top, which we faw it did immediately effe& when 
we permitted it to intervene. It would be yet 
more difficult from the principle of pofitive levity 
to give any account why the plate does not only 
not emerge of itfelf, but requires even a confi- 
derable force to disjoin it from the bottom. It is 
manifeft that this cannot otherwife be accounted 
for, but muft be afcribed to the gravitation and 
preflure of the quickfilver incumbent upon the 
plate. The force requifite for their feparation 
being greater or lefler according as there is a 
greater or lefler depth of quickfilver to hinder 
their feparation. It may perhaps feera more 
ftrange to fome, as it was a moft perplexing diffi- 
culty to the famous Dr, More* that immediately 
upon their feparation there fliould be aot only no 
->; . B a further 
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furthef need of any force to raife up the plate to 
the top, but that of itfelf it fhould very violently 
emerge ; whereas immediately upon their fepara- 
t^6n, when it firft begins to afcend, there is flill 
almoft as great a weight of incumbent quickfilver 
to deprefs it, as before the feparatipn there was 
to detain it # *. If we fay it is raifi?d upwards by 
the quickiilver which intervenes upon the fepa-r 
Ration, and that this intervening quickfilver re~ 
ceives the preflure, which it communicates up-r 
wards to the wooden plate, from the reft of th$ 
quickfilver in the veflel, which is not perpendi* 
cularly incumbent on the, plate, but which fur-* 
rounds that incumbent quickfilver, being con- 
tiguous to the fides of the veflel, and refting upon 
that annular part of the bottom, which is not 
covered by the plate y the Doctor will here urge 
a further difficulty, and will tell us, that the pref- 
fure upwards caufed by the weight of the ambi- 
ent quickfilver can by no means equal, much lefs 
exqeed, the preflure of the incumbent (befides 
the weight of the plate) that being in quantity 
piuch lefs than this ; fo that here he fuppofes he 
has found out fome work for his Principium 
Hylarcbicum or his Spirit of Nature. 

% What has been already faid in the explication 
of the firft experiment, may be a fufficient fol.ution 
pf this difficulty; for it was there proved that 
the force with which the brafs plate w#s fufpend- 
ed, was equal to the weight of a cylinder of the 
fluid in which it was immerfed, whofe bafe wa$ 
equal to the area of the plate, and altitude equal 
to the perpendicular diftance of the lender furfacs 

L . of 
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of tbe r plate and upper furface of the fluid, of 
y what breadth Cotvet the ambient fluid were fop* 
pofed to be t which-paradox fhall be further ex^ 
plained and experimentally illuftrated at our next 
meeting. In our prefent cafe then, the force 
^hich impells the wood upwards, is equal to the 
Weight of a cylinder of quickfilver having, the un- 
der furface of the wood for its bafe, and the per- 
pendicular depth of that under furface for its al* 
titude ; which weight does evidently exceed that 
of the incumbent quickfilver and plate together, 
juft as much as the weight of the wooden plate 
itfd£ falls ihort of the weight of an equal bulk of 
{ quickfilver. Quickfilver is fitter to be ufed in 
this experiment than water, becaufe it does not 
adhere to or wet wood as water does, and cannot 
therefore fo eafily infinuate itfelf , between the 
plate and the bottom upon which it refts. 

The Detft experiment that was tryed, was pro- . 
pofed to ; evince the fame thing with this lafl:, 
that fluids may detain and even deprefs a fpe- 
cifically lighter body than themfelves ; there was 
. only this difference, that in the former the fpe- 
cifically lighter body was a folid, and in the lat- 
ter a fluid. I fhall pafs over the explication of 
the latter, prefuming that by this time the rea- 
fon of it is fufficiently obvious. 

You may remember we immerfed two pipes of 
different bores inaveflel of quickfilver, Fig- 10, 
then pouring on water which could not get into 
the pipes, their upper orifices being above the wa- 
ter and their lower under the quickfilver, the 
quickfilver was feen to afccnd in the pipes above 

B 3 the 
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t\ie level of that in the veffcl to the fame altitude 
ip both. This eflfed is an eafy and plain cohfe\ 
quence of the gravitation and preflure of water 
qpon the quickfilver. For if we imagine a plane, 
parallel to the horizon, to pafs by the under ori- 
fices of the pipes, it is certain that thefe fluids 
cannot reft in any pofition till every equal part of 
this imaginary plain doth fuftain an equal preflure 
with the reft, as has been proved before ; now 
the parts of this plane which are diredtly un- 
der the orifices of the pipes, cannot fuftain an 
equal preflure with the reft, unlefs the quickfilver 
be fuppofed to afcend fo much in the pipes as to 
balance that excefs of water which prefles upon 
the other parts ; and although it might feem at 
firft light that alefler height of quickfilver would 
be fufficient for this purpofe in the larger pipe 
than in the fmaller, a lefler height of quickfilver 
in that being equiponderant to a greater in this, 
yet in reality it is quite otherwife, and the heights 
in both ought to be equal. For though there is 
a greater weight of quickfilver in the larger 
pipe, yet We muft at the fame time confider, that 
this greater weight has a propcrtionably-greater 
part of the imaginary plane to communicate a 
preflure to* 

We are now come to that ingenious experi- 
ment firft propofed by M. Pafcbal to manifeft that 
the efted: of a fiphon may depend upon the gra- 
vitation of. a fluid- We faw it with our eyes 
and can therefore no longer doubt of it, that the 
weight and preflure of the oyl caufed the tinged 
water to take its courfe from the higher veflel in- 
i to 
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ta the lower through the bended pipe. But that 
you may have the evidence of reafon as well as of 
fenfe, I will give you that excellent author's own* 
explication of this matter, after I have told you 
that he, inftead of our tinged water made ufe of 
quickfilver, and inftead of our oil of turpentine 
he tried his experiment with water. We are to 
pbferve, fays he, that the oil gravitating upon 
the tinged water contained in each veflel, and not" 
at all upon that which is contained in the legs of 
the fipnon, it comes to pafs that the water in the 
veflel is compelled by the weight of the oil, to 
afcend in each leg to the top of the fiphon, and 
there a fort of conflict muft happen betwixt the 
two attending columns, each preffing againft the 
other; and that will neceflarily prevail which has 
the greater force. Now which has the greater 
force may eafily be determined, for fince the oil 
has the greater altitude above the lower veflel by 
an inch, it muft more powerfully elevate the wa- 
ter of the longer leg, than that of the fhorter by 
the force which an inch of altitude gives to it. 
Whence it feems at firft fight to follow, that the 
water ought to run from the longer to the fhorter 
leg. But we muft at the fame time confider that 
the weight of the water in each leg refifts the ef- 
fort of the oil to raife it up, but both do not re- 
fill equally, for the water in the longer leg has a 
greater altitude by an inch, and fo makes a greater 
refiftance by the force which an inch can give it. 
In the longer leg the water is more powerfully 
elevated by the force of an inch of oil, and its 
afcent is more powerfully hindered by the force 
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of an inch of water K now an inch of water is, 
more ponderous than an inch of oyl ; therefore, 
the water of the fhorter leg absolutely fpeafciqgis 
elevated with a greater force, and confequently it. 
ought to afcend, and continue to afcend till the 
water in both veflels comes to a level. (K) 
• From hence it appears that the reafon of th^ 
higher veffers emptying itfelf into the lower, i$ 
that the water is heavier in fpecie than the oyL 
The contrary would happen if the fiphon and 
the veifels into which it is immerfed were filled 
with oyl, and all were immerfed in a veffel of 
water ; for then it would come to pafs that the 
oyl of the lower veffel would afcend, and paffing\ 

(b) The author has here given us M. Pafchtrs explication 
of his own experiment, but in common difcourfe I remem- 
ber he explained it as follows. 
; In Fig. ii.. Suppofing the legs of the fiphon to be really 
equal, or which comes to the fame, fuppofing.an horizontal 
plane to pafs through the tegs and tinged water in bothcups* 
the parts of this plane within the legs, when the fiphon is* 
full, will be equally prefled by equal columns of tinged water 
within the legs ; but other equal parts of this plane on the 
outfides of each leg,, will be unequally prefled by their in- 
cumbent columns though of equal altitudes; becaufe the 
columns of the higher cup confift of more water and lefs oyl 
than thofe of the lower. The heavier columns will there- 
fore prefs up the higher water into the leg in its cup, with 
greater force than the lighter columns can prefs up the lower 
wa,ter into the leg in its cup, and the excefs of the former 
preffure above the latter will drive the water along the fiphon- 
from the higher cup to the lower. 

This excefs of preffure, which caufes the flux, is therefore 
as the difference in weight of two columns compofed of wa- 
ter arid oyl, whofe common bafe is equal to the orifice of the 
fiphon 8 and common height is the difference ©f the Heights 
of the water in the cups, 

• by 
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by the top of the fiphon would defcend into the 
wipper veffel, upon the account which I have juft 
cow mentioned. For the water prefling conti- 
nually upon the oil in the lower veflei with a 
greater force, fmce it has by an' inch a greater 
altitude, and the oyl of the lower leg gravitating 
%nd refitting more by an inch of altitude, it mu& 
needs come to pafs, fince ao inch of oil weighs 
lefs than an inch of water, that the oil of the 
lower leg ought to be more forcibly elevated than 
the oyl of the higher, and therefore the courfe 
muft be from the lower veflei into the higher* 
Upon the fame account if the fiphon were filled 
-with a liquor of the fame gravity with water, no 
flux would enfue but all things would remaia 
at reft. 

From thefe experiments I might now in a few 
words and very eafily deduce thofe inferences, 
for whole fake they were chiefly prppofed, were 
they not already too obvious to be infifted on» I 
will therefore only mention them. Suppofing 
then the air to be an heavy fluid, and that the fur-* 
face of the earth is as much prefled upon by this 
fluid as if it were every where covered with 
cjuickfilver to the height of about 29 inches and 
an half, or with water to the height of about 34. 
feet, as we fhall hereafter prove ; if in the firft 
experiment, Fig. 7> we fubftitute air inftead of 
water, and inftead of the plate of brafs applied to 
the orifice of the glafs veflei, two polifhed planes 
applied together fo clofely as to exclude tne air 
from getting between, the lower plane muft of 
neceflity be prefled againft the upper and kept 

fufpended. 
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fufpcnded. So in the laft but one of thefe ex- 
periments, in which the quickfilver was raifed 
above its level in the two pipes, Fig. io, if we 
fubftitutc the body of a pump for either of thofe 
pipes, water in the well for quickfilver in the 
veffel, air incumbent upon the water in the well 
for water incumbent upon the quickfilver in the 
veffel,, and obferve that as the water in our ex- 
periment was hindered from entering into the 
pipe by the fides of the pipe, fo the air is ex- 
cluded from the cavity of a pump by the fides of 
the pump and the fucker; it will be clear to any 
one, that water may afcend, by the prefTure of the 
external air upon the furface of the water in the 
well, to the height of about 34 feet. The iyringe 
is a little .pump as the pump is a greater iyringe, 
what has been faid of the pump may therefore 
be applied to the iyringe. The cafe is very 
nearly the famfe with the Torricellian tube, baro- 
meter, or weatherglafs, in which the quickfilver 
ufually afcends to 29 inches and an half; that 
height of quickfilver being equiponderant to 34 
feet of water. This alfo may be taken notice of, 
that as in our experiment the quickfilver afcend- 
ed to the fame height in both pipes, though of 
unequal diameters, fo in pumps and barometers 
the altitude of the liquors is not altered by any 
difference of their bores. The laft experiment 
is fo particularly fitted . to the common fiphon 
that any one may make the application. 
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LECTURE III. 

Tfhat fluids prefs according to their perpendicular 
altitudes, whatever be their quantities or how- 
ever the containing vejfels be figured ; the exaSl 
eftimate of all manner ofpreffures ; and the in- 
vention of the centre of prej/ure upon anypropof- 
ed plane 9 reduced to the problem of finding the 
center of percujjion. 

WE are now to determine the quantity 
of that preffure which any furface fuf* 
tains that is expofed to the gravitation of a fluid: 
this muft be done gradually, beginning with 
thofe cafes which are moft fimple and eafy, 
and afterwards proceeding to thofe which are* 
more complex and difficult. Let a veflel abed 
Fig. 12, be propofed containing any fluid, fup- 
ppfe water, and let a b be the upper furface of 
the water, and c d the bottom of the veflel. The* 
preffure upon any part of that bottom, fuppofe' 
g b> will be equivalent to the weight of a column 
of watery hik 9 having the part£^ for its bafe 
and g i or hk 9 the depth under water, for its alti- 
tude; This feems to be felf-evident, and may 
be beft proved by the abfurdity of any contrary 
fuppofition i for if it be faid that g h fttftains a 
greater weight than that of the column gb i k 9 
the excefs muft come from the adjoining columns 
acgi and khdb- 9 now for the like reafon it 
ought to be faid that eg fuftains a greater weight 
than that of the column a eg i, and b d a greater 
- '.- than 
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than that of the column kbdb; but if this were 
true, then would all the parts cg f gb and bd to- 
gether, of that whole plane c d % fuftain a greater 
weight than that of the columns together, or of 
the whole water which is above it, namely a cdb> 
which is abfurd. The like abfurdity will follow 
if it be faid that g b fuftains a lefler preflure than 
the weight of the column gbi&; the weight of 
that cplumn then which is perpendicularly in- 
cumbent upon it, is exa6tly equivalent to' the 
preflure which it fuftains. 

This is the quantity of preflure upon the plane 
gh in the cafe that has already been defcribed, 
if the figure of the veflel be any way altered, the 
preflure will ftill be the fame if the perpendicular 
diftance of the plane g b frgm the upper furface- 
©f the water contained in the veflel, of whatever 
figure it be, remain unaltered.. Thus in Fig. 
33, 14, if Ing.bom be a veflel of any irregular 
figure, and Im be the upper furface of the water, 
and the perpendicular diftance of^^ below Im 
namely gi or b k be the fame as before, the pre£- 
fure of the veflelled water Ing b om upon the 
bottom *gh will be equivalent to the fame weight 
of the column ghik as before, though the 4 yef- 
felled water I gb m be much lefs than that co- 
lumn, as in Fig. 13, or much greater, as in 
Fig. 14. The preflure is not to be eftimatcd 
by the quantity of water but by its altitude. 
Forif the quantity of water I g bm ixr Fig. 13, 
be a thoufand times lefs than i g b k, as we may 
eafily fuppofe it to be, and the quantity of wa- 
ter Ig b m in Fig. 14, be a thoufand times greater. 

than 
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than the fanaeig &k f then the quantity of this 
latter will be a million of times greater than thai 
of the former, neverthelefs both will equally 
prefe upon their bottoms g h with a force equiva- 
lent to the weight of the perpendicular column 
gh*k> which may defervedly be accounted a 
paradox in hydroftaticks, but may thus, among 
other ways, be rendered intelligible. 

Let us conceive each of thofe veflels placed in 
a larger abed, the preflure upon g h will be the 
fame whether we fuppofe the water I n g b m 
to be contained in its proper veffel Ingh m 9 or, 
imagining that veffel to be away, we fuppofe its 
place to be fupplied by the ambient water a cgnl 
and b omb d; for any parcel of water may be 
conceived to be kept in by the reft of the water, 
which every way furrounds it as in a veflel, fup- 
pofing all things at reft. Now in this latter cafe 
where we fuppofe the ambient water a eg nl and 
b m b d to be a veffel to the water lnghom> the 
preflure upon g h is equivalent to the weight of 
the column gbik 9 as has been already made out; 
therefore in the former cafe, where the water 
In g b om was contained in its proper veflel, the 
preflure upon gh will be alfo equivalent to the 
weight of the fame column ghik. By the fame 
way of reafoning we may conclude that the water 
contained in any other more irregular veflel, as 
(ngbam in Fig. 15, pfeffes upon the bottom 
with a force equivalent to the weight of the co- 
lumn of water gbik-> having the faid bottom 
for its bafis, and gi Or b k> the perpendicular dif- 
|ance pf the planes gh and Im, for its altitude. 

4 : v If 
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If the plane gb be oblique to the hopzou, as 
in Fig. 16, the preflure upon gb from the wa- 
ter of the veffel / ng hom> or from that of th© 
veffel egbf, or from that of the larger veffel 
acd b 9 will ftill be the fame, if the upper for- 
faces / m, ef and a b be in the fame plane or at 
the fame altitude above g b. The altitude is 
every where the meafure of preflure whatever :be 
the quantity of the fluid, or however the contain- 
ing veffel be figured (*). 

(a) The author gave an experimental proof of thefe con- 
clufions as follows. Fig. 17 reprcfents a large mouthed fiphou 
inverted and partly filled with water, whofe furface always 
refts at the fame level in both legs ; confequently fuppofing 
the fiphon to be , cut at the bottom of the flexure by an una- 
, ginary plane, the water in both legs, however different in, 
fhape and bulk, preffes with equal and oppofite forces againft 
that plane ; other wife the level of the water would foon be 
altered and deftroyed. 

It has been {hewn above, that the brafs plate a b> in Fig, j % 
being about eight times heavier than an equal bulk of water, 
will, by the preflure of the water underneath it, be fupport- 
ed at the mouth of the inner veffel, if the plate be immerf- 
ed under water above 8 times its thicknefs. This being done, 
let other water be gradually poured through a funnel intc* 
the inner veffel, till its weight and preflure (hall caufe the 
plate to defcend, and at that inftant let the altitude of the 
inner water above the plate be ohferved, or rather the diffe- 
rence between the altitudes of the inner and outer water, 
which difference by theory fhould be about eight times the 
thicknefs of the plate. * 

This being obferved, take up the inner veffel, and into its 
mouth fqueeze a large cork c d with a wet. leather bound a-r 
bout it, fo far as to leave a thin fpace between it and the 
plate applied to the orifice of the mouth, as reprefentcd in. 
Fig. 18. A glafs tube £ A was firft fqueezed through a hole 
in the middle of this cork and cemented to it, and then the 
wire if fixed in the plate was put through th$ tube. Thei\ 

while 
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h *I fhould now proceed to eftimate the preflurt 
ujpiqn planes wfeich are either perpendicular or 
"oblique to the korizon, but becaufe the feveral 
indefinitely fmall parts, of which fuch planes are 
compofed, are adted upon with different forces, 
accordingly as the particles of water, by which 
they 1 are immediately touched, happen to be at 
different depths ; arid fince the total preffure is 
made up of all thefe different forces taken toge- 
ther, we ought before, we go any further to con- 
lider, what will be the preffure which each of 
thefe indefinitely fmall parts fuftains, Firft then 
we are to cohlider that every fmall particle of 
water, which is at reft, is preffed upon equally 
on all fides by the other particles which furround 
it, otherwife it would yield to the ftronger force 
till it were equally preffed every where ; and as 
it is equally preffed on all fides, fa does it every 
way by reaction equally prefs whatever is con- 
tiguous to it, according to all poflible contrary di- 
redfcions ; for fhould it prefs lefs than it were 
preffed, it muft neceffarily yield to the force 
which is fuppofed greater than its own * and 

while the plate is held by tbe end of the wire againft the 
orifice of the inner veiTel, the whole is let down into the 
water in the outer veffel, by whofe preffure upwards the plate 
is again fupported, as before. But by degrees the ambient 
•water will infinuate itfelf between the onfice and the plate, 
into the thin fpace above it, and this being filled, it will 
quickly rife into the. tube, where as foon as it arrives at the 
altitude before obferved in the whole inner veffel, iu weight 
and preffure will immediately caufe the plate to defcend : 
yrhMkfhews that the preffure of thi$ fmaller quantity of water 
\s equal to that of the larger upon the fame bafc. 

fhould 
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£hould it prefs more than it were preffed, its force 
would neceffarily remove its weaker antagonift. 
Therefore fmce all things are fuppofed to be at 
reft, we cannot any ways imagine this inequality 
of preffure to take place. Now it has been prov- 
ed before, that the preffure from above is equiva- 
lent to the weight of the incumbent column of 
water, therefore the preffure from any other part, 
or according to any other direction, is alfo equal 
to the weight of the fame incumbent column ; 
and fince adtion and readtion are equal, the par- 
ticle itfelf muft prefs according to all manner of 
directions with the fame force, which is equiva* 
lent to the weight of the incumbent column. It 
is evident then that as fluids prefs according to 
all poffible directions, fo are the preffures equal 
according to all direttiohs, if the points of con* 
tadt in which the preffures are made be at equal 
dej>ths. This being* allowed we may proceed , 
to* what remains. 

Suppofingthen that dc db in Fig. 19, is a 
cubical veffei in which the water reaches to the 
top, fo that its upper furface be reprefented by a b* 
let it be required to determine the preffure which 
One of its fides a c fuflains from the included 
water, This fide a c though reprefented here by 
a line, to avoid confuiion in the fcheme, is fup*> 
pofed to be a fquare. The meafure of the preffure " 
upon every phyfical point of that fquare, or as it is 
here reprefented, 'of that line a r, is the altitude 
of the water above that point ; thus the preffure 
upon / is meafured by a /, the preffure upon m 
by a m> the preffure upon* nbyan, and the preffure 

upon 
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upon c by a c, and the fame may be faid for any 
other points of the line a c ; therefore the pref- 
fure upon the whole line, or upon all the points 
of it, will be meafured by the fum of fo many of 
thofe altitudes al> am, an, ac,zs there are points 
in the line ac. Now that fum may be eftimated 
Jby drawing the perpendicular lo equal to la from 
the point 7, tht perpendicular mp equal' to ma 
from the point ^,.the perpendicular nq equal to 
na from the point n f and the perpendicular cd 
equal to cd from the point c. Now it is evident 
that the fum of a /, am, an, a c muft be equal to 
the fum of lo, mp, nq, cd, and if from every in- 
termediate point between a and /, / and m, m and 
n, n and c, perpendiculars be conceived to be 
drawn after the fame method, the fum of all thofe 
perpendiculars will be the meafure of the total 
preflure upon the line a c. But the fum of all 
thofe perpendiculars is equal to the area of the 
triangle acd, therefore the area of the triangle acd 
is the meafure of the preflure upon the line a c. 

Now as the line a c reprefents a fquare, fo will 
the triangle acd reprefcnt a prifm, having the 
faid triangle for its bafe, and the fide of the 
fquare for its altitude. The weight of that prifm 
ot water is therefore equivalent to the preflure . 
made againft the fquare, or fide of the cube. 
That prifm is equal to half the whole cube, as 
we learn from Euclid's elements, therefore the 
preflure againft the fquare is equivalent to half 
the weight of the whole water contained in the 
veflel . There are four fuch fides of a cube befides 
the lop and bottom, and each of thofe fpur fides 

C . for 
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for the fame reafon fuftains the fame preflure, 
therefore all together fuftain. four times half- the 
weight, that is twice the whole weight of the 
'water. And the bottom, by what has beeb 
proved above, does itfelf fuftain a preflure equal 
to the whole weight of the water ; therefore the 
bottom and fides togetherof a cubical veflfcl filled 
with water, fuftain a preflure from the water e- 
qual to thrice the weight of it. >.-. 

I have endeavoured to make the thing as eafy 
as I believe the nature of it will permit, however 
fince that part of this dedudion where I told you 
the triangle acd did at the fame time represent 
the prifm when the line ac reprefentcd the fquare, 
might be perhaps a little obfeure, I will endea- 
vour to clear up this matter fomething further. 
Let then acfe in Fig. 20 reprefent the fquare 
fide of the veffel, and edgfrcpreknt the fquare 
' bottom of the fame. It was proved before that the 
-" preflure exercifed upon the line ac w^s meafured 
by the triangle acd; by the fame way of reafon- 
ing it may be proved that the preflure upon the 
line ef is meafured by the triangle efg f and the 
preflure upon any other line b /, which is parallel 
to thefe two and fituated between them, is mea- 
fured by its refpe&ive triangle b ik. If we ima- 
gine the fquare acfe to be made up of an infinite 
number of fuch intermediate lines as bi, the pref- 
fure upon the whole fquare will be made up of 
the fame infinite number of fuch equal triangles 
as h ik ; now the fum of all thofe triangles make 
up the prifm aegdef and this prifm is half the 
whole cube, as in the former fcheme the triangle 
acd is half the fquare aedb. 

If 
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: Jf the plane *z<r/Vinftead of being a fijuare 
were a re&angled parallelogram* hiving its fide 
ai either longer or Shorter than ac, it WQuld fol- 
low from the principles, that the preflure to which 
' it is expofed, would be equivalent to the weight 
of a like prifm of water having the triangle acd 
for its bafe, and the fide ae for its altitude. 
- I have been hitherto fpeaking of planes which 
are either parallel or perpendicular to the hori- 
zon ; it wilt be no difficult matter to apply what 
has been faid of perpendicular planes to thofe 
which are oblique. Let ac in Fig. 21 reprefent 
any fuch oblique plane, and let the upper furface 
of the water be a L The meafure of the preflure 
upon the point / is Is the altitude of the water 
above that point, fo tm is the meafure of the pref- 
fure upon m 9 vn the meafure of the preflure upon 
», and xc the meafure of the preflure upon c. 
Upon ac ered: the perpendiculars la, mp, nq, ck 
equal refpedtively to //, mt, nv, ex, and imagine 
the like conflxu&ion to be made for all the other 
points of the line ac, and the fum of all thofe 
perpendiculars, that is the triangle a c r, will be 
the meafure of the preflure upon the whole line 
ac. If this line ac be fuppofed to reprefent a 
parallelogram as before, then the triangle acr 
will as before become a prifm; and the weight of 
that prifm of water, which we arc taught by 
Euclid how to meafure, will be the preflure fuf- 
tained by the parallelogram. 

I have hitherto fuppofed that the line ca or 
the parallelogram reprefented by it, coincides with 
the furface of the water at a ; if that docs not hap- 

C 2 pen> 
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pen, but the higheft part of the line or parallelo- 
gram is at fome diftance from the furface, a com-* 
putation of the preffure will ftill be eafy enough... 
Suppofe mc in Fig. 21, were the line or paral- 
lelogram propofed; the preffure upon the Ymcmc * 
will be meafured by the trapezium or four-fided . 
figure mcrp, and the preffure upon the paralldp-r 
gram reprefented by that line, will be a pri£a 
having that trapezium for its bafe, and the other 
fide of the parallelogram, which is fuppofed pa- 
rallel to the furface of the water, for its altitude. 

From what has been faid of thefe few particu- 
lar inftances we may now underftand, that the 
preffure upon any plane of whatever figure and 
fituation, is equivalent to the weight of a folid 
of water, which is formed by ere&ing perpendi- 
culars upon every point of the plane propofcd, 
equal to the refpedtive diftances of thofe points 
from the upper furface of the water. For the 
perpendiculars being the meafure of the preffure 
upon the points from which they are ere&ed, the 
fum of thefe perpendiculars, or the folid formed 
by them, will be equal to the fum of the pref- 
fures upon the points, or the total preffure upon 
the whole plane. 

Or we may thus exprefs the fame thing after 
another way, and fo take in all curved furfaces 
as well as planes; .that the preffure upon any fur- 
face is equal to the fum of all the products which 
are made by multiplying every indefinitely fmall 
part of the furface into its diftance from the top 
of the water. For the preffure upon each of thofe 
parts is equal to a column of water having the 

part 
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part for its bafe, and the diftance from the top of 
the water for its altitude; and every one knows 
who has the leaft {kill in geometry, that thofe 
columns are meafured by multiplying their bafes 
by their altitudes ; therefore- the fum of the pro- 
dufts of all thofe bafes or little parts by their alti- 
tudes, or refpe&ive diftances from the top of the 
water, will be equal to all the columns upon every 
little part, and therefore to a body of water whofe 
weight will be equivalent to the total preflure 
upon the whole furface. 

Now to find the fum of all thefc products, or 
a l^ody of water equal to that fum, is a very dif- 
ficult problem in moft cafes. Stevinus in his hy- 
droftaticks, has attempted it only in a few in- 
m ftaiices, and thofe of plane furfaces, and among 
plane furfaces he meddles only with fuch which 
he calls regular, nevertlielefs he has gone the far- 
theft in this matter of any writer I have met 
with. To fupply then this defeat I will here lay 
down another rule, which is not only univerfal, 
but alfo as eafy and expeditious as can be defired. 

It is this 5 the preffure upon any furface what- 
ever, however it be fituated, is equal to the weight 
of a body of water whofe magnitude is found by 
multiplying the furface propofed into the depth 
of its center of gravity under water. So the pref- 
fure* Upon any number, of furfaces of different 
bodfes, however differently fituated, is equal to 
the weight of a body of water whofe magnitude 
is found" by multiplying the fum of all thofe fur- 
faces into the depth of their common center of 
gravity under water. 

C 3 The 



J 



38 7ie exa& eflimate of Led. 

The demqnftration of this rule may not per- 
haps be fully underftood by thofe who are unac- 
quainted with ftaticks and the nature of the cen- 
ter of gravity, however I will here produce it, 
that thofe who can, may underftand it, and that 
others, taking now for true what I (hall afiuroe 
as demonftrated by the writers of mechanicks, 
may afterwards be fully fatisfied of it, when they 
come to underftand the theorem it is grounded 
upon ; which is, that if every indefinitely fmall 
part of any furface, or number of furfaces, be 
multiplied refpe&ively into its perpendicular di- 
stance from any propofed plane, the fum of thofe 
produ<fts will be equal to the produft of the whole 
furface or number of furfaces multiplied into the 
. perpendicular diftance of the center of gravity of 
the fingle furface, or of the common center of 
gravity of the whole nuirfber of furfaces, from 
the fame plane, {b) 

(b) In Fig. 22, let any number of quantities a, b> r, </, re- 
prefent as many weights, hanging at their centers of gravi- 
ty a y b 9 c y d 9 by the lines ao 9 bo 9 co r do % fixed to any hori- 
zontal plane 0, 0, 0, ; and let % be the common center of 
gravity of all the weights, and z its perpendicular diftance 
from that plane ; 1 fay that flXtfg + ^X^fl + fXffl + rfx 
do =r a*\-> b -f- c -{- d x z o. 

For let the common center of gravity of the weights a, b 
be the point x 9 and to the line x drawn parallel to the reft, 
let am and b n be perpendiculars. Then by the fimilar tri- 
angles mxa, nxb, we hzvemx : nx : : (xa : xb :: ) b : a 
by the known proper ty of a ce nter o f gravity* Hence a x 
mx~=zbxnx^ or ax mo — xo = b x xo — no> or, ax ma 
— a X x oszzb xx — b x no % whence axmo-\-bxna 
z~:a-\-bxxoi which was to be proved in the iimpleft cafe 
of the propofition. 

1NW 
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~ t Now taking the upper furface of water foj that 
plane to which we refer the indefinitely imaU 
parts of the furface which is expofed to the pre£- 
, (lire we are concerned with, fince it has been al- 
; ready fhewn, that the prcffure upon the whole js 
: equivalent to the weight of a body of water which 
\i equal in magnitude to the fum of all the pro- 
diifts, made by multiplying every little part by its 
diftance from the upper plane of the water -, and 
this fum of produ&s, by the ftatical theorem I 
have been mentioning, is exadtly equal to the pro* 
dud: of the whole furface or number of furfaces 
multiplied into the diftance of the center of gra- 
vity from the upper plane of the water j it wilt 

Now let a weight x — a ^h be fufpended by a line x a in 
the common center of gravity of a and b y and likewife a 
weight y~x +c in the common center of gravity of x and c 9 * 
and alfo a weight z~y-^d in the common center of gravity 
of y and d. Then is z the common center of gravity of all 
the weight a, b 9 r, d 9 firft propofed. 

Consequently by what has been proved in the firft cafe, 
we have a x ao-\-b x bo=zX X xo f and likewife a? x xo-\-c 
Xco=yxyo 9 and likewife ^y xye-\~dxd* = zx zo ; confe- 
quently *x ao-^-bxbo-\-cxcdz=yxyo y and likewife axao 
-\-bxbo-\-cxco-\-dxd9zz: (zx»0~ ) a + b -\- c -]- d 
X zo, which was to be proved. 

Hence if a furface or number of furfaces of any kind be 
confidered as equally ponderous in every equal part, and as 
divided into indefinitely fmall parts, fufpended by lines, drawn 
from their centers, perpendicular to any horizontal plane ; 
It is manifeft that, if every part be multiplied refpe&ively into 
its perpendicular line, the fum of the products will be equal 
to the produ£t of the whole furface multiplied into the per- 
pendicular diftance of its center of gravity from thefaid plane : 
and that this equality of the products will fubfift even if the 
laid lines be perpendicular to any plane, though not parallel 
to the horizon. 

C 4 fol- 
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follow, that the fame product is the meafure of a 
magnitude of water whofe weight is equivalent to 
the preflure required. The fame rule may be de- 
jnonftrated by feveral other methods, but I have 
pitched upon this as the fitteft for my purpofe. 

Another thing which Stevinus propofes to him- 
felf, is to determine the center of preflure upon 
any plane. Before we can difcourie any farther 
about this, we muft declare what is meant by that 
center. It is then the point to which if the total 
preflure were applied, its effect upon the plane 
would be the fame as when it was diftributed un- 
equally over the whole after the manner before 
(defcribed; or we may fay it is that point in which 
the whole preflure may be conceived to be unit- 
ed ; or it is that point to which if a force were 
applied, equal to the total prefliire but with a con- 
trary direction, it would exactly balance or reftrain 
the effect of the preflure. Thus if abed in Fig. 
23, be a veflel of water, and the fide ac be prefled 
upon with a force equivalent to twenty pounds 
of water, this force we have feen is unequally di~ 
flxibuted over a c ; for the parts near a being at a 
leflcr depth, are lefs preflea upon than the parts 
near c which are at a greater depth, and therefore 
the efforts of all the particular preflures are united 
in fbme point #, which is nearer to c than to a, 
gnd that point g is what may be called the center 
of preflure : if to that point a force equivalent to 
twepty pounds weight be applied, it will affed; 
the plane &c in the fame manner as before by th$ 
preflure of the water diftributed unequally over 
tjie who)e- And if to the fame point we appl£th§ 
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fame force with a contrary direction to that of 
the -preffure of the water, the force and preffure 
will balance each other, and by contrary endea- 
vours deftroy each others effe&s. Suppofe at z a 
cord zpw were fixed, which pafling over the 
pulley p, has a weight w of twenty pounds an- 
nexed to it, and that the part of the cord zp were 
perpendicular to a c % the effort of the weight w 
is equal, and its dire&ion contrary to that of the 
preffure of the water. Now if z be the center of x 
preffure, thefe two powers will be in equilibrio, 
and mutually defeat each others endeavours. 

It may be worth while to be acquainted with 
a rule for finding that center in all cafes. We can- 
not have much help from Stevnms in this bull- 
nefs ; he undertakes only a few particulars and 
thofe which are theV eafieft, fuppqfing that his 
reader will apply the like method to other cir- 
cumftances; but they who /hall endeavour to 
make fuch an application, will in moft cafes find 
it more difficult than they might poflibly expeft. 
I have for that reafon devifed this general rule 
which follows. 

If any plane which happens to be propofed be 
produced till it interfefts the upper furface of the 
water produced, if need be, and the line which is 
the common fe&iort of the two planes, be made 
an axis of fufpenfion ; the center of ofcillation or 
percufSon of the plane, as it is fuppofed to re- 
volve about that axis, will be the center of pref- 
fure required. Thus if* c in Fig. 24, reprefents 
the plane propofed, let it be produced till it cuts 
$he plane g b in d> now if d be made the axis of 

fuf- 
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faf^cnfion of the plane a t, the center of pereuf- 
fion of the plane a c revolving about d, will be 
alfo the center of preffure upoii the fame plani. 

For if the percuffive forces of* every point of 
ache as the preflures exercifed upon thofe points, 
then the center of percuffion muft needs be the 
fame with the center of preffure -, and that the 
force of percuffion is every where as the preffure 
of the water, may thus be proved. The percuffive 
force of any point, fuppofe b, is as the velocity of 
that point, and the velocity is as the diftance bd 
of the point from the axis of motion ; fo the per- 
cuffive force of a is as a d, of c as cd-, fince then 
the percuffive forces of a, b, c are as the lines da 9 
db, d c, and thefe lines are as the lines ea,fb 9 gc, 
perpendicular to the furface of the water, and 
thefe laft lines are as the preflures upon#, b, and 
c, it follows that the percuffive forces, taking the 
interferon dfov the axis of fufpenfion or motion, 
are refpedtively as the preflures upon the fame 
points ; therefore the center of percuffion or os- 
cillation is the fame with the center of preflure. 

The geometers of the laft age have profecuted 
the problem of finding the center of ofcillation 
very diligently, being excited thereto chiefly by 
the noble invention of pendulum clocks ; the 
fules they have laid down for that purpofe are 
eafy enough, and the applications they have ac- 
tually made of thofe rules are not a few. Having 
therefore (hewn how the center of ofcillation 
may be made ufe of for determining the center 
of preffure, I prefume I have by this time fuffi- 

ciently 
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c&?&tiy cleared up. what I propofed ; but for fur- 
l&e? illustration I will add a couple of examples* ; 

L^tit be required to find the preflure which a 
\4iwf jfuftains when the center of gravity of the 
finiftce of his body is 32 feet under water. The 
ibrface of a rniddle-fized human body is about ia 
iCfuare feet. Multiply then 32, the depth of the 
center under water, by 10 the furface of the bo- 
dy, and the produft, or 32 tipies 10 folid feet, 
will be a magnitude of water whofe weight is 
equivalent to the preflure which the diver fuf- 
tains, by the rule before laid down. A cubick 
foot of water has been found by experiment to 
weigh ioooaverdupois ounces, therefore 32 times 
id feet, or 16 times 20 feet of water, will weigh 
16 times 20000 averdupois ounces or 20000 a- 
verdupoiS pounds. This therefore is the preflure 
of the water to which a diver at 32 feet depth is 
expofcd. 

Again in Fig. 2 5, let the right angled parallel- 
ogram abed be a wall, dam, or pen of timber 
perpendicular to the horizon, made to keep in a 
pond of water, whofe upper furface reaches to 
ab ; let a b be 20 feet, and a c 12. Let k be the 
center of gravity of the plane ; the depth of that 
center k will be equal to halfgj& or half ac> that 
is 6 feet. The area of the plane is found by mul- 
tiplying &* by ab or 12 by 20, it is therefore 
240 fquare feet; multiply, according to the rule, 
the area 240 by gk which is 6, and the product 
will be 1 440 cubick feet of water,which weighs fo 
many thoufand ounces, that is 90000 pounds; and 
that is the preflure which the dam abed fuftains. 
6 To 
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To find the center of thw preffute we mull 
make the line a b f which is the common fe&ion 
of the dam and the upper furface of the water, 
the axis of the fufpenfion of the plane ab edi now 
it appears by the difcovery of Huygens, Wallis 
and other geometers that z, the center of ofcilla- 
tion of this plane fo fufpended, will be in the line 
gh which bife&s this plane and is parallel to ac 
or b d$ and that the liae g z will be two thirds 
of gh y that is .8 feet; and the fame point z fo 
determined is, ps was proved before, the center 
of prcflure required* 

LECTURE IV. 

Of the Jinking and floating of bodies immerfed in 
fluids, their relative gravities and levities, their 
flotations and pofltions : the phanomena of glafs 
bubbles accounted for . 

WE are now to make our enquiries con- 
cerning the finking and floating of bodies 
immerfed in fluids; their relative gravities, their 
levities, their fituations and pofltions. This is the 
fubjeft of Archimedes\ two books de Infldentibus 
Humido, of which the Latin tranflation is yet ex- 
tant, though the o/iginal in Greek be loft. I will 
therefore give you the fubftance of his doftrine 
with fome additions. But becaufe the l#ft propo- 
fitioris of his firft book demonftrate to us the- 
poftiires in. which a floating portion of a fphere 
* will cdmpofe itfelf, and the whole fecond book, 
except the firft propofition of it,. is entirely takeft 

up 
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up in determining the like for the parabolick 
conoeid (which is a folid formed by the revolu- 
tion of! a parabola about its axis) I will content 
myfelf to make out and demonftrate to you the; 
foundation upon which thofe theorems of his are 
grounded, pafling by the application of it to par- 
ticular folids, as being a matter that belongs more 
properly to geometry than to hydroftaticks. 

We have already feen that fluids prefs upon bo- 
dies to which they are contiguous every way, and 
* on all fides, but the preffure upon each part is hot 
the fame; the altitude of the fluid is every where 
the meafure of its force \ and the feveral parts of 
the fame body being at different depths, muft 
needs be differently aflfe&ed. We ought there- 
fore to eonfider which of all thefe imprefiions will 
prevail. Now it is evident that the lateral pref- 
fures do all ballance each other, being equal, as 
arifing from equal altitudes of the fluid, and op- 
pofite in their directions ; fo that from thefe the 
body is no ways determined to any motion. But 
thofe parts of the fluid which are contiguous to 
the under furface have a greater altitude, and 
therefore a greater force than the others which 
are contiguous to the Upper $ therefore the body 
muft of neceffity be more violently elevated by 
the former than depreffed by the latter, and would 
therefore afcend by the excefs of force were it 
devoid ©f gravity. Now it is eafy to under- 
flandf ^at this excefs of force is equivalent to 
the weight of fo much of the fluid as is equal in 
magnitude to the bulk of the body, being the 
difference in weight of two columns of the fluid, 

whereof 
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whereof one reaches to the upper, the other 4d 
the under iurface of the body. 

It has been obje&ed by fomc againft the gra- 
vitation of fluids in praprio loco, that bodies tm- 
merfed would of confequencebe violently detrud- 
ed to the bottom, whereas we lee in f*6t that the 
contrary is true; fome which are fpecifiealfy 
lighter than the fluid being even buoyed up by it. 
Thofe who make this objection ought at the feme 
time to have con fide red, that as the upper parts 
of the body are depreflfed, fo are the under more 
powerfully elevated, and therefore that fetting 
afide the confideration of the body's own weight, 
it ought always to afcend ; but taking in that 
confideration let us now fee what the event will 
be ; and this may be eafily determined. For 
fince all bodies endeavour to defcend by the force 
of their own weight, and to afcend by the weight 
of an equal bulk of the fluid in which they are 
immerfed, it muft of neceffity come to pais, that 
if the weight of the body be greater than the 
weight of an equal bulk of the fluid, it will de- 
fcend with a force that is equal to the difference 
of thofe two weights ; if the weight of the body 
be lefs than the weight of an equal bulk of the 
fluid, the weight of the fluid muft prevail, and 
carry it upwards with a force that is equal alio 
to the difference of the two weights ; arid this is 
the caufe of the defcent or afcent of bodies, as 
they are fpecifically heavier or lighter than the 
fluid in which they are immerfed. 

The fame thing is made out by another method 
which is fome what different from this which we 

have 



have, made ufe o£< . We are to fuppofe, in what 
place foever within the; fluid the body is conceived 
.to, bey that there paffes by it an imaginary plane 
touching its under furface and parallel to the ho- 
rtooa* Now it ha$ been made manifeft that this 
Auid cannot compofe itfelf and be at reft till every 
*qual part of this plane fuftains an equal preflure; 
if then the body be of an equal gravity with fo 
much of the fluid as is equal to it in bulk, and 
whofe place it takes. up, the part of the ima- 
ginary plane, which is directly under the body 
will be equally affe&ed by the pretfure of the 
fluid and body together, which are fuperior to it, 
with the other equal parts of the fame plane, 
which are prefled upon by the fluid alone $ there- 
fore there can be no reafbn afligned why the 
•body (hould give way either by afcending or de- 
scending, but it ought - to maintain the place 
given it. If the body be heavier than fo much 
of the fluid as is equal to it in bulk, this part of 
the imaginary plane which is dire&ly under it, 
will be prefled with a greater weight than the 
other equal parts of the fame plane, by the ex- 
cefs of the body's weight, above the weight of 
an equal bulk of the fluid ; that part muft there- 
fore yield, and the body muft defcend with a 
force equal to that excefs. By a like way of rea- 
fpning we may collect, that if the body be light- 
er than an equal bulk of the fluid, it will be buoy- 
ed up by that part of the plane which is under it, 
with a fprce equivalent to the difference in weight 
of that equal bulk of the fluid and the body ; 
and upon the fame account it muft continue 
to afcend till every part of this imaginary plane, 

which 
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which is conceived to follow it, always touching 
ks under furface, be equally preffed upon ; that ., 
is, till the body be fo far extant above the furface 
of the fluid, that the weight of a part of the fluid 
equal in bulk to the part of the body immerfed, .. 
be equal in gravity to the whole body. And thea 
alio the part immerfed will be to the whole, as 
the fpecifick gravity of the body is to tHe fpecifick 
gravity of the fluid, (#} 



(a) The author ufed to confirm thefe conclusions by the 
following experiments. To try the force of defcent of a fo- 
Jid, he ufed a fmall glafs bottle ftopt up, having {hot enough 
in it to caufe it to defcend in water, and a horfe-hair tied 
about the neck of it, by which he fufpended it to the fcale or 
beam of a balance* * 

To find the weight of a bulk of water equal to this bottle, 
confidered as the folid, he firft put it into a narrow cylindri- 
cal glafs jar, and poured in water enough to cover the bottle ; 
then taking it out, he weighed the jar and water contained ; 
then he placed the jar upon a table,! and having immeried 
the bottle in it, he placed a (lip of wet paper upon the out- 
fide of the jai, fo that the edge of the paper might appear to 
coincide with the furface of the water, to his eye placed in 
that furface produced ; then taking out the bottle he .poured 
water into the jar, till its furface rofe up to the edge of the> 
paper as before. This water then was equal in bulk to the 
bottle, and its weight he found by replacing the jar in the 
fcale, and adding a feparate weight to the former, fufficient 
to counterpoife the additional water. 

Place this counterpoife in one fcale and the bottle in the. 
other, and the weight added to make an equilibrium, will be 
the excefs of the bottle's weight above the weight of a bulk 
of water equal to it. 

Then fufpending the bottle in water, by the hair, to the . 
arm or fcale of the balance, from the oppofite fcale take out 
the weight of the -equal bulk of water, and the remaining ex- 
cefs, found above, will juft balance the force of the bottle's 
d.efceni, by keeping the fcales in equilibria. 

The 
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If two fluids which will not eafily mix with 
each other be contained in the fame veflel, fo that 
the lighter may float upon the heavier, a folid bo- 
dy, which is heavier than the lighter of the two 
fluids, and lighter than the heavier, will not fuffef 
itfelf to be totally immerfed in either of therru 
If it be placed wnolly within the heavier it will 
afcend, if it be placed wholly within the lighter 
it will defcend for the reafons before given ; and 
will never reft in any place till it be fo difpofed, 
partly within one and partly within the other, 
that the weight of fo much of both fluids, whofe 
place it poffefles, be equal to the weight of it. 

If any one will from hence compute what pro- 

• portion the parts contained within each fluid bear 

to each other, or in what proportion the com* 

The force of afcent of a thin glafs bubble, or any folicf 
lighter than the fluid, may be tried by an inverted balance, 
placed at the bottom of a large veflel full of water as repre- 
fentecl jn Fig. 26. x 

For having found the weight of a quantity of water equat 
in bulk to the bubble (by immeriing it wholly in the water 
of the cylindrical glafs abovementioned) and alfo the cxccf* 
of this weight above that of the bubble itfelf, as before * 
hang the folid by an horfe-hair-lbop to an arm of the invert- 
ed bahfice, and conned the oppofite arm to that of a com- 
mon balance by another horfe-hair ; then that excefs of 
weight, placed in the oppofite fcaje, will balance the force of 
the bubble's afcent, by keeping the fcaSes in equilibrio. 

Toihew that a quantity of a fluid equal in bulk to the 
part immerfed of a floating folid, is equal in weight to that 
of the whole folid, weigh a larger glafs jar partly filled with 
yrater, and having taken it from the fcale, let a fmallcr jar 
float upon the water and mark its altitude with a wet paper, 
as before ; then having taken out the leffer jar and filled the 
larger with water up to the mark, replace the larger in th* 
fcale, and the leffer jar being put to the former weights in the 
oppofite fcale, will produce an equilibrium. 

D worx 
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mdn furface of both fluids divides the whole fo- 
lid, he will find, that the part contained within 
the heavier, muft be to the part contained with- 
in the lighter, as the difference in weight of the 
folid and an equal bulk of the lighter, is to the 
difference in weight of the folid and an eqiial 
bulk of the heavier : and that the part immerfed 
in the heavier, is to the whole, as the difference 
in weight of the folid and an equal bulk of the 
lighter, is to the difference in weight of an equal 
bulk of the heavier and the fame equal bulk of 
the lighter. (6) 

Hence if we would be fo fcrupuloufly exaft 
we may eafily corred: thatfmall error in the rule 
of Archimedes which was before delivered for 
floating bodies ; namely, that the part immerfed 
was always to the whole, as the gravity of the fo- 
lid is to the gravity of the fluid. For fince the air 
is an heavy fluid, though it be the leaft heavy of 
all others, yet by refting upon the upper furface it 
has this effeft, that in reality it will not permit-a 
folid to be altogether fo deeply immerfed as it 
would otherwise be if the air were removed, 
which the rule fuppofes. Allowing then for the 

(b) Let the parts of the folid contained within the heavier 
and the lighter fluid be A and B, in Fig. 27, and the fpect-* 
fick gravities of the refpeftive fluids as a and b\ then fince 
the abfolute gravity or weight of any body is compounded of 
its magnitude and fpecifick gravity, the weight of a quantity 
df the heavier fluid equal in magnitude to the part A* is a A, 
and the weight of a quantity of the lighter fluid, equal in mag- 
nitude to the part B, is b 5, and the fum of their weights is 
a A-\-b B~c x A-\-B fuppofmg c is as the fpecifick gravity 
Cf the folid A-\-B. Hence a A — c A~cB — b B, andcon- 
fequently Ax B : : r— b\a — c; and conjointly A: A-\-B : : 

air's 
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ftir's prefence we.may thus exprefs the proportion : 
Tfatat the part immprfed is to the whole, as the 
difference in weight of the folic! and an equal bulk 
of $ij*, is to the difference in weight of an equal 
fculjk: of the fluid, and the fame equal bulk of air. 
Whoever will compare thefe two rules together, 

. will find that their difference is altogether incon-. 
flderable : we may therefore ft ill, very fecurely 
make ufe of* the old one without any further 
icruple. 

,The fum of what has been faid comes to this, 
that if. a folid be heavier bulk for bulk than the 
fluid in which it is immerfed, it will link till jt 
arrives at the bottom, and the force of its defcent 
Avill be equivalent to the difference of its weight 
and the weight of an equal magnitude of the 
fluid. If it be lighter than the fluid in which it is 
immerfed, it will conftantly afcend till it be fpfar 
extant above the furface of the fluid, thatits whole 
weight be equal to the weight of that part of the 
fluid whofe place it takes up ; and the force with 
which it afcends will be equivalent to the differ- 
ence of its weight and the weight of an equal 
magnitude of the fluid. If it be immerfed in ei- 

, ther of two fluids differently heavy, which are . 
contiguous, and it be of a middle gravity between 
both the fluids, it will move towards their com- 
mon furface, and reft in fuch a pofition that the 

. parts of both fluids whole place it takes up have 
an equal gravity with the folid itfelf. If a body 
be of equal gravity with the fluid in which it is 
immerfed, it will retain any pofition which is 
given it : and-this is the re^fon why a bucket in 
a well is without difficulty xlrawn up as long as it 
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is under wat^r, and that we perceive not its weight 
till it begins to get above the furface : by the fam? 
reafon a bucket full of wax, which is nearly^f 
the fama gravity with water, would not be difl5h» 
cult to draw up whilft under water ; now they 
cannot eafily anfvver that wax is in its own ele* 
tnent, and does not therefore gravitate, ^ <:r 

All bodies do actually retain their whole gra- 
vity when immerfed in a fluid, but that is render* 
ed ineffectual by the contrary prcflure of the fluid, 
fometimes in part and fometimes altogether, ac- 
cording as that gravity of theirs is greater, equal, 
or lefs than the gravity of an equal bulk of the 
fluid, which is themeafure of the force which re- 
Ms their dcfcent. We ipay fay that the gravity of 
/ bodies within fluids is of two forts, whereof one 
is abfolute and true gravity, the other apparent 
and relative. The abfolute gravity is the whole 
force with which the body tends downwards, the 
relative and vulgar is only the excefs of gravity 
by which a body has a greater tendency down*- 
wards than the ambient fluid. The parts of fluids 
and all other bodies do gravitate in proprio foco> 
taking gravity in the firft fenfe j according to the 
latter fenfe and acceptation of gravity, bodies do 
not gravitate in proprio loco > that is, being com- 
pared together they do not preponderate, but 
hindering each others endeavours to defcend they 
Jceep their places as if they were devoid of gravity^ 
Thus in water, bodies which by their gravity, 
greater or lefler, do afcend or defcend, may rela- 
tively and apparently be faid to gravitate or levi- 
tate, and their relative gravity or levity is the exr 
cefs xx defedfc by which their true gravity does 
6 either 
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&tfe6F exceed the gravity of water, of fill fhort of 
it. But if they neither deffcehd by preponde* 
rktfng, nor afcend by yielding to the preponde- 
ratiing water, though they do by their real and 
absolute weights increale the weight of the whole; 
y& relatively and in the fenfe of the vulgar they 
do not gravitate in the water. 
~ We may alfo in this place take notice of an ob-i 
fe&idn which is fometimes mads ufe of againft 
the gravitation of fluids in pr^prio loco. They tell 
us, if fluids gravitate in propria loco, that then a 
body as it happens to be immerfed at different 
depths would have a different weight, according 
as it is prefled upon by different altitudes of the 
fame fluid, which does not appear in fad. We may 
anfwer that it has arid ought to have the fame 
relative weight, though it be prefled upon by dif- 
ferent altitudes at different depths. For its abfo- 
lute weight does every where continue the fame # 
and the relative weight is the excefs of that abfbr 
lute weight above an equal bulk of the fluid* 
Therefore if the weight of that equal bulk of the 
fluid4>e at all depths the fame, as it certainly is ift 
fluids which are not eompreffible, that excefs and 
therefore the relative weight, will every where be 
the fame alfo. 

If the fluid be compreflible, as air is, and the 
lower parts be condenfed by the weight of the 
apper, then indeed the relative weight of a body 
in the air at the bottom of a valley, will be lets 
than its relative weight at the top of a mountain; 
an equal bulk of aif weighipg more in the valley 
than upon the mountain, and confequently taking 
jftore from the rpal and abfolute weight of thd 
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body in the former cafe than in the latter. Fdr 
the lame reafpn if a body be, weighed in frefli 
water, and fea water, its weight will be lefs in 
the latter than the former, becaufe the excefs of 
its real and abfolute weight above the weight of 
an equal bulk of fea water, is lefs than the like 
excefs above an equal bulk of frefli water ; fea 
water being about a thirtieth or fortieth part hea- 
vier than frefh. Upon this account alfo if two 
bodies of different fpecifick gravities be equipon- 
derant and confequently of different magnitudes, 
fuppofe the one be of copper and the other of 
lead, and the bulk of the copper be greater than 
the bulk of the lead, as it muft be to be of the 
fame weight, putting the two metals in oppofite 
fcales of a baliance, we ftiall find them to reft in 
■equilibrio \ but if we place the baliance under 
water, they will be no longer in equilibrio, and 
the lead will preponderate. For the abfolute 
weight of each being diminifhed by the weight 
of a bulk of water equal to itfelf, the weight 
of the copper will be more diminifhed than the 
weight of the lead. Thus if two bodies of dif- 
ferent fpecifick gravities be brought to a moft 
-perfect equilibrium when the air is at lighted, 
they will no longer remain fo when the air 
changes and becomes heavier; and this is thd 
foundation of the ftatical barofcope defcribed by 
Mr. Boyle in the Philofophical Tranfa&ions. 

The phenomena of glafs bubbles and images^ 
which are fitted feveral ways to afcend and de- 
fcend in fluids, have been very much celebrated 
by the phjlofophers of the laft age. The whole 
inyftery depends upon this, that by a greater or 
a ' • lefler 
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lefler preflure on the bladder at the end of the 
veffel, Fig. 28, or by heat and cold, there is an 
alteration made of their weight, and by this al- 
" teration of their weight they become fometimes 
heavier fometimes lighter than that part of the 
fluid whofe place they poflefs, and do therefore, 
for the reafons which have been lately mentioned, 
fometimes afcend fometimes defcend with a pleaf- 
xng variety. Thefe bubbles confift ufually of 
three different materials ; of glafs which is hea- 
vier infpecie than the fluid, of air which is light- 
er injpecie than the fluid, and of the fluid itfelf. 
As long then as that aggregate of bodies is lighter 
than an equal bulk of the fluid, it will float, but 
if it grows heavier than fo much of the fluid, it 
muft neceffarily fink. Now when there is any 
competent preflure, whether produced by weight 
or otherwife, upon the water in which the bubble 
is commonly immerfed, becaufe the glafs is a firm 
body and the water though a fluid fuffers no 
compreflion, the air included in the bubble, be- 
ing a fpringy and very compreflible body, will be 
compelled to (hrink, and thereby poflefling lefs 
room than it did before, the contiguous water 
will enter the neck of the bubble and fucceed in 
its place; which being a body about 850 times 
heavier than air, the bubble will thereby become 
heavier than an equal bulk of water, and will 
confequently defcend ; but if the force or preflure 
be removed, the imprifoned air will by its own 
fpring free itfelf from the intruding water, and 
the aggregate of bodies that make up the bubble 
being thereby grown lighter than an equal bulk 
of water, will again afcend. The dilatation and 
D 4. contract 
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contra&ion of the included air is therefore the 
caufe of thefc changes; if then that dilatation and 
contraction be any other way procured tba© \m . 
pTeffure (as it may proceed from heat and com) 
the event will be the fame. And this may. fjjtf- 
fice to account for the phenomena of bubbles,* 

I promifed in the beginning of this difcourfeltdf 
jgjve you the foundation of thofe propofitioa& o4 
Archimedes y in which he demonstrates the pofture. 
of floating bodies; it may thus be exprefled;. that 
all floating bodies affedt fuch a pofture, that the 
center of gravity of the part immerfed, be fituated . 
perpendicularly under the center of gravity of the 
part extant : the body will other wife never reft aijd 
ceafc to fluctuate. For if the floating body be ima^; 
gined to be divided into two parts by thefurface * 
of, the fluid, it will be cafy to conceive, that the s 
paj-t immerfed endeavours to afcend, and the ex- 
tant part to defcend with equal forces; otherwife / 
the body would be either more or left immerfed. - 
Now the part immerfed endeavours to afcend by. 
the perpendicular pafling through its center o£ j; 
gravity, and the part extant to defcend by the*. , 
perpendicular pafling through its center of gra* 
vity ; therefore unlefs thpfe perpendiculars do > 
coincide, or which is the fame thing, unlefs t&o. 
center of the part immerfed be fituated perpendi- 
cularly under the center of the part extant, there 
will be no hindrance of thofe endeavours, but a •"•* \ 
motion will be produced, and for the fame reaion 
pontinued till that pofture be obtained; and ia:, 
that pofture the body will acquiefce, the endea- 
vours being then equal and diredly contrary to. 
pgfh other, anci thereby reftraining each other, 

LECTURE 
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* i ^fo^ of determining the fpecifick gravities of all _ 

IT having been proved thtt bodies afcend or de-» 
' >fcttid in fluids with a force that is equal to th$* * 
deference in weight of the body immerfed and * 
an equal bulk or magnitude of the fluid itfel£ 
we are hence^furniflied with a very accurate and 
eafy way of finding out the fpecifick gravities of 
all manner of bodies whether .fluid or confident, 
arid of comparing them together. Bodies are * 
(aid to be fpecifically or infpecie heavier or light- 
er one than another, when being equal as to '■ 
magnitude, the weight of the one does exceed or 
fall fliort of the weight of the other; Thus the 
fpecifick gravity of quickfilver is about 14 times 
greater than that of water; for if you take an 
equal quantity of each as to magnitude, fuppofe 
a pint, the pint of quickfilver will weigh about 
14; times as much as the pint of water. 

Several methods have been propofed and more . 
may i>e ftill invented to determine in what pro* 
portion bodies differ from one another as to their 
Ipecifick gravities $ yet after all, moft men have 
with good reafon preferred the ufe of the hydro- 
ftatical balance for exa&nefs and convenience. 
It is very probable that Archimedes was the firft 
that ever attempted this bufinefs with anyfw> 
cefs, in order to difcover the cheat of the work- 
jngn that bad deb&fed king Hteros crown* and 

though 
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though the way -he, then made ufc of, be certainly 
much inferior to that we have been fpeaking of 
by the hydroftatical balance (as may be perceived 
hy the account which Vitruvius gives of it) yet 
fo pleafed was he to gain his end by any means, 
that upon this occafion not being able to contain 
his joy, like a madman leaping from the bath, 
flaked as he was, he is faid to have ran about the 
ftrcets of Syracufe, crying out "Evfwx, wherever 
he came. I will not here flay to enumerate and 
explain thofe various methods that have been 
thought of for finding out the fpecifick weight 
of bodies, but will confine myfelf to the bufinefs 
I have undertaken, and (hew what helps we 
have from hydroftaticks, and how fuitable they 
are to our prefent .purpofe. 

Firft then if it be required to find out what 
proportion the fpecifick gravity of a fluid and fo^ 
lid body have to one another, and the folid be hea- 
vier than the fluid fo that it may fink when im- 
•merfed in the fluid, v/e are to weigh the folid both 
in air and in the fluid. Now it has been proved 
before, that its weight in the fluid will be lefs than 
its weight in the air,- by the weight of fo much of 
the fluid as is equal in bulk to the folid; but the 
fpecifick gravity of the fluid, is to the fpecifick 
gravity of the folid, as the abfolute weight of an 
equal bulk of the fluid, is to the abfolute weight 
of an equal bulk of the folid ; therefore the fpeci- 
-fick gravity of the fluid, is to the fpecifick gravity 
of the folid, as the difference in weights of the 
-folid in air and in the fluid, is tp the weight of 
the folid in the air. If the fluid be common clear 

water 
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/water and its fpecifick gravity be expreffed.byaa 
unit, as is ufual and very convenient upon feveral 
accounts, then to find a number which will ex«- 
prefs the fpecifick gravity of the folid, we muft 
divide the weight of the folid in air by the dif- 
ference of the weights of the fame in air and in 
water, the quotient will be the number required. 
An example will clear up the whole matter, 
Suppofe that a piece of copper weighed in air 
comes to 45 grains, and when weighed in wa- 
ter but to 40 grains ; the difference of thefe two 
weights, which is 5 grains, is equal to the weight 
of fo much water as is equal in bulk to the piece 
of copper. Therefore the fpecifick gravity pf 
water, is to the fpecifick gravity of copper, as 5 
to 45. The fpecifick gravity of water is here 

-cxprefTed by the number 5, if inftead of that it 
were to be exprefied by an unit, we muft divide 

■45, the weight of the copper in air, by 5 the 

^difference of 45 and 40 its weight in air and 
water, and the quotient, which is 9, will ex- 
prcfs the fpecifick gravity of the copper as an 

-unit does that of water, 9 bearing the fame pro- 
portion to 1 as 45 did to 5. 

If the folid body to be examined be fpecifical-* 
ly lighter than the fluid, we would compare it 

-with, fo that it cannot fink by its own weight, 
but is continually buoyed up by the heavier fluid, 

-we may by a compound balance find but its re- 

" lative levity in the fluid, or the, force with which 
it endeavours to afceiid. 

It was yefterday (hewn by an experiment made 
y/ith fuch a compound balance, that the force of 

aft eat 



66 Tie hydfo/heOkal Le&* 

albent is cquay to the difference/of weight* 6f tl&f 
amending body and an equal, bulk of thcflftfifl^ 
which inviroris it ; therefore the weight of Xo : 
niuch of the fluid as i6 equal in bulk to the bbdf, 
i§ the fum of two weights, whereof one ; ift-tm 
abfolute weight of the body in air, and the- o- : 
ther is e^ual to the force of afcent, beiiigp the 
height which is applied to the compound bafarite 
to reduce the afcending body to an equtlibriuni^ 
Hence it follows that the fpecifick gravity of the 
fluid, is to the fpecifick gravity of the folid, a$ : 
that fum of the two weights, is to the abfolute 
weight of. the folid. If the fluid be common 
water, and its fpecifick gravity be exprefled by 
ah unit, we mull divide the abfolute weight of 
the folid by that fum of the weights, and the 
quotient will cxprefs the fpecifick gravity re- 
quired. ..'•.' 
To illuftratc this by an inftance, let us fop-r 
pofe that a piece of dry elm weighs io air 36 •' 
grains ; this wood being lighter than water, wiJf 
Dot of itfelf fink in it ; let then a weight be ap- 
plied to the fuperior beam of the compound ba- 
lance to detain it under water and to keep it in 
equilibrio, and the weight neceffary for that pur-^* 
pofe be found to be 24 grains; this weight ; ef 
24 grains being as we have already proved, equal' 
to the difference of the weight of the elm arafc 
an equal bulk of water, if it be added to the lefc 
f£r weight of the elm, which was 36 grains, the 
fum which is 60 grains will be the weight :: vf 
that eqiial bulk of water. Therefore the fpeci* 1 
#bk gravity of water is to that of elm as 60 isto ; 

365 
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3^iJ \i inftead of>6o which does bow «prefi4h$ g 
(pqcifick gravity of water, you would wther mak$ E 
4fp ojF an unit for. that purpofe, we ipuft divicb^. 
36* , which is the weight of the elm in atr, by fo, 
the ifofflk which was before mentioned, the quo-., 
tieot 0,6 will exprefs the fpecifick gravity of elm, 7 
a^ aa unit does the fpecifick gravity of water;,, 
aqd it is evident, that 0,6 has the fame propor^ 
tiQA to an unit that 36 had to 60, 

t know not whether. this way of examining 
bodies: which are lighter than the. fluid they are* 
compared with, has ever yet been put ippraftice, 
there feeming to be too great a difficulty in mak- 
ing the experiment, which yet, may bemuchlef* 
fened, if not taken away, by a welkcontrivei 
inftrument \ however it is certain that the cat-* 
culation is much more eafy in this method thai* 
in that other which I will now defcribe. 

To the body which we would examine, which 
if lighter than the fluid with which it is to be 
compared, we muft armex another body (by ty- 
ing them together with an horfe-hair or other- 
wife) which is fpecifically heavier than the fluids 
io that both takpn together as one compound bo- 
dy, may be likewife fpecifically heavier than the 
fluid and link in it ; weighing then the heavier 
body fmgly, and alfo the compound, both in air 
and in the fluid, we muft thus make our calcula- 
tion. Subftra&ing the weight of the heavier bo- 
dy: ^lon^ix* the fluids from its weight in air, what 
remains will be the weight of To much of the 
fluid as is equal yi bulk to the heavier body; agaiiv 
iUbftrading the height of the compound body 

in 
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in the fluid, from its weight in a?r, what remains 
will be the weight of fo ipuch of the fluid as is 
equal to the compound body in bulk ; taking tjhen 
the former difference from the latter, that is, tak- 
ing the weight of fo much of the fluid as is equal- 
in bulk to the heavier body, from the weight 
of fo much of the fluid as is equal to the com- 
pound t>ody, or heavier and lighter together, what 
remains will be the weight of fo much of tha 
fluid as is equal in bulk to the lighter body? and 
the proportion which this weight bears to the 
weight of the lighter body in air, will be the pro- 
portion of the fpecifick gravity of the fluid to the 
fpecifick gravity of the lighter body. If the num- 
ber which expreflfes the fpecifick gravity of the 
lighter body, be divided by the number which ex- 
preffes the fpecifick gfavity of the fluid, the quo- 
tient will alfo exprefs the fpecifick gravity ef the 
lighter, whilft an unit exprefies that of the fluid. 
Thus if a piece of elm weighs in air 1 5 grains, 
having fixed to it a piece of copper, that the com- 
pound may fink* in water, let us fuppofe that the 
copper alone in air weighs 18 grains, in water 16 
grains, the aggregate of the copper and elm in 
air will be 33 grains ; fuppofe again we find by 
making trial of it, that the aggregate in water 
comes to 6 grains ; if we fubftraft 16 the weight 
of the copper alone in water, from 18 its weight 
in air, the 2 grains which remain will be the 
•weight of a. bulk of water equal to the copper j 
affo if we fubftraft 6 the weight of the compound 
in wattr, from 33 the weight of it in air, the 
27 grains which remain will be the weight of a 

bulk 
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bulk of water equal to the compound. Taking 
then 2 the weight of water equal in bulk to the 
copper, irom 27 the weight of water equal in 
bulk to the copper and elm together, the 25 grains ' 
which remain will be the weight of the water 
equal in bulk to the elm. The weight of the elm 
itfelf in air was 1 5 grains ; therefore water is to 
elm in fpecifick gravity as 25 to 15; now as 25 
is to 1 5 fo is 1 to 0,6 as any one may find by the 
rule of three. The third term in the proportion 
being in this cafe an unit, we are only to divide 
the fecond by the firft, or the weight of the fo- 
lid in the air by the weight of an equal bulk of 
water, and the quotient will be the fourth term 
in the proportion, exprefling the fpecifick grayity 
of the folid, as an unit* exprefles that of water. 

Having by this time I hope fuificiently explain- 
ed the method of comparing folids and fluids to- 
gether as to their gravities, I am now to fhew 
how folids are to be compared with folids, and 
fluids with fluids. This will require but few 
words, being eafy and obvious enough. Solids may 
be compared with folids by the mediation of a 
fluid ; and fluids may be compared with fluids by 
the mediation of a folid; fometimes indeed it may 
happen that a fluid may be weighed as a fblid bor 
dy within another fluid with which it will not 
mix, by placing it in the glafs bucket ; thus may 
quickfilver moft conveniently be compared with 
water (a). Suppofe it were required to determine 

what 

(a) Fig. 29, reprefents the hydroftatical balance, where- 
by folid bodies may be weighed in the glafs bucket .*, firft 

in 
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what proportion the gravity of copper has to the 
gravity of elm; thefe two cannot immediately 
be compared together hydroftatically, but wc may 
u has been already (hewed compare each of diem 
with water, and then we may conclude that the 
fpecifick gravity of copper, is to the fpecifick gra- 
vity of elm, in a proportion, which is compound- 
ed of that of the fpecifick gravity of copper to 
water, and that of the fpecifick gravity of water 
to e]m. If copper be to water as 9 to i, and 
water be to elm as 1 to o,6, copper will be -to 
elm as 9 to 0,6 or as 90 to 6, or as 15 to 1. 

Suppofe again two fluids were proposed to be 
compared together ; let one of them be a pared 
of oyl of vitriol bought in the {hops which you 
fufp6£t to be not the bed, and you would examine 
whether its gravity be to the gravity of water 
as 17 to 10, as it ought to be if good ; compar- 
ing it with glafs by the method before defcrib- 
ed, you find its gravity to that of glafs to be as 
7 to 15; comparing the fame glafs with water 
you find the gravity of glafs to that of water as 3 
to 1 ; hence by compounding the proportions of 
7 to 15 and 3 to 1, you know that the gravity of 
your oyl of vitriol is to the gravity of water as 7 
to 5, or as 14 to 10, whereas it ought to have 
been as 17 to xo. This way of comparing fluids 

in air and then in water, In the latter cafe the flit b in the 
circular plate, muft firft be flipt upon the neck c, and reft up- 
on the fquare {boulder underneath ; that the weight of the 
plate, being equal to that of a quantity of water equal in bulk 
to the empty bucket, may reftore the equilibrium of the 
empty fcales. The fpecifick gravities of fluids are determine. , 
*fclc £y the glafs ball *, defcribed in the fequel of the le&ure % 

together 



together is* universal,* and may feq pra^ttfedwith 
a balance of any farm* The fabrick of our in* 
ftrtiment does indeed in this particular foraew hati 
fiaorten the operation, and therefore it will not. 
be -smiCs to fhetv howtve make our calculation 
from it. 

* The glafs ball you may remember was heavier* 
than: an equal bulk of -water* as Was evident by 
it$ diking in it* and by an experiment purpofely. 
made, its weight was found fo be to the weight . 
of an equal bulk df water, as 1 8 4. to 10 ; oylof 
vitrioli which is one of the heavieft fluids ex^ 
oepting quickfilver* is to water a£ 17 to iq, there- 
fore the ball may be ufed for examining any li- ; 
quor that is lefs heavy than oyl of vitriol* fince t 
it will fink even in that pyl. The excefs of weight 
of the ball above that of an equal bulk of water, „ 
was counterpoiied by an equal excefs of weight, 
©Pthe oppofite icale of the balance, above that 
of the fcale to which the ball was fixed ; and by 
that means .it was fiiftained in the waters equir 
tibrio. We may conceive the ball fo balanced in, 
the water, asif it were a parcel of the water con- . 
gealed into that fliape $ and therefore if we fub- 
ftitute for water in the veflel fome other liquor of 
a different gravity, this equlibrium will* be no. \ 
longer preferved ; . we are therefore continually to 
put weights into the afcending fcale, till" we have 
again reduced the balance to the fame ftate ; and 
the weight we have put into either fcale, will be 
the. difference in gravity of two bulks, one of 
water and the other of the liquor to be examin- 
ed, which are equzd to one another and each 
... E equal 
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equal to the bulk of the ball. This bulk of wa- 
t*r has been found to be 803 grains ; if therefore 
we add to 803 the number of grains which were 
put into the fcale to which the ball is annexed, 
or fubftrad from 803 the number of grains 
which were put into the oppofite fcale, the refult 
will be the weight of a bulk of the liquor under 
examination equal to the bail ; and the fpecifick 
gravity of water will always be to the fpecifick 
gravity of the other liquor, as 803 to the rewrit- 
ing number. Jf we divide the refult by ftay 
the quotient will exprefs the gravity of the other 
liquor as an unit exprefies that of water. 

To illuftrate this by an example, let it be pro- 
pofedto find the gravity of milk ; immerfing the 
ball as it is fixed to the balance in that liquor, we 
find it neceflary to put 28 grains into the fcale to 
which the ball hangs, in order to reduce the beam 
to its horizontal fituation; adding then 28 to 
803 the fum will be 83 1, and the fpecifick gravi- 
ty of water to that of milk, will be 803 to 83 1 * 

Thus then may all bodies of what kind foeverbe 
compared together as to their intenfive weights ; 
I might have added other methods which are alia 
bydroilatical and fitted to the fame purpofe, but 
thofe already defcribed are fufficient and feem in- 
deed to be the molt convenient. However I will 
here mention one other w*y of examining the 
gravity of fluids which is erf very good ufc upon 
fomsoccafions. The foundation or it is this, that 
if A body be m$de fucceffivdv to float upon^tw-o 
fluids of differeat gravities, the fpecifick weight 
of ihe lighter will be to the fpecifick weight q£ the 

heavier> 
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heavier, as the magnitude of the part of the float-? 
ing body which is immerfed in the heavier, is t* 
the magnitude of die part immerfed in the light- 
er. For, the bulks of volumes of both fluids that 
are equal to the parts refpedtively immerfed in 
them, having the fame abfolute weight with ths 
Whole floating body, as hath been proved before, * 
ftrill be of equal abfolute weights, and confer 
tjuently their fpecifick gravities will be recipror 
cally as their magnitudes, ot which is the fame 
thing, reciprocally as the magnitudes of the parts 
immerfed. If therefore a body of a regular figure 
could be provided fo r that the part of it which is 
immerfed, might always be accurately and eafily 
meafured, this way would be expeditious enough. * 
A truly cylindrical glafs veffel feems to ,be the 
fitteft for this purpofe ; for the part immerfed 
will be always as its depth* The gfayity there- 
fore of the fluid may readily be eftimated by 
a proper fcale of parts in arithmetical pro- 
greflion applied to the fide of the cylinder, or 
more readily by infpe&ion only pf another fcale 
which ipight be mufically divided by ways which 
I fhall not ftay here to defcribe. For> any one 
that {ball attempt to get fuch a cylinder, as will 
be convenient for his purpofe, of an exacft figure 
and truly poifed, that it may always ftand ere£i, 
will perhaps find it more difficult to obtain than 
at firft he expefted. 

Neverthelefs upon fome occafions this metho4 
toay t$ of Angular qfe. We may examine by this 
mews whether a liquor propofed be genuine as 
to its gravity, though we do not learn from hence 
what i$ the precife quantity of that gravity. The 

E 2 thing 
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thing is common among chymifts ; they make ufe 
of an hollow ball of glafs having a (lender fterri or 
pipe annexed to it, which is fo poifed that when 
the ball is immerfed in any liquor, the ftcm tnay 
ftand erefl: and be in part extant above the furfiie 
of it. This glafs they place in feveral liquors . 
ivhich they know by other means to be good in 
their kind, and put marks updo the ftcm, which 
fhew the different degrees of immerfion in the 
different liquors. Then if any liquor of the fame 
name be afterwards to be examined, fuppofe it 
were oyl of tartar per deliquium ; if the glafs fink 
lower in it than the mark they had formerly made 
for that oyl, they conclude it has not its juft gra- 
vity, and is probably adulterated with water ; but 
if it (ink not fo low as the mark for alcohol of 
wines, they conclude that the alcohol is too hea- 
vy, and therefore not fufficiently re&ified {&). 
This inftrument by a fmall alteration may be 
fitted to examine whether folids have the true 
ftandard weight of their kind, as any one may 
perceive by the defcription of Mr. Boyle 's eflay- 
inftrument, publifhed in the Philofophical Trans- 
actions. 

After all that has been hitherto faid, there may 
yet remain fome few difficulties to be removed, 
and fome cautions to be given. It may happen 
that the body to be examined may confift of fmall 
fragments, or may be a powder, or may imbibe 
the water it is weighed in, fo as to appear heavier 
than it really is, or may be diflbluble in water. If 
it be made up of fmall fragments or be a powder, 
we muft of necetfity in this cafe make ufe of the 

* ' (^)SecPhU.franf.N 384,and4r3. 
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glafs bucket, which we are not obliged to do 
when the body to be weighed is intire, and of a 
confiderable magnitude. For then we may, if we 
think fit, make ufe of a balance of the ufual form, 
and by fufpending the body with an horfe-hair 
(which is nearly of the fame gravity with water) 
to the under fide of either of tl\e fcales, we may 
weigh it both in air and in water. Putting then a. 
convenient quantity of the fragments or powder 
into the bucket ; we~firft find the weight in air, 
afterwards we muft warily and little by little put 
into the bucket, whilft it is yet kept in air, and 
hath the powder or fragments in it, a convenient 
quantity of the fame water it is to be weighed in, 
that the liquor may have time to infinuate itfelf 
between the dry bodies and even the corpufcles of 
the powder, and expel thence the air that was, 
lodged in the intervals betwixt them; which little 
aerial portions, if not thus feafonably expelled, 
would upon the immerfion of the veffel, produce 
in the water ftore of bubbles, that could buoy up 
or faften themfelves to the fragments or other 
fmall bodies, and make the experiment uncertain 
or fallacious. And if it be a powder that is to be 
weighed, unlefs it be beforehand thoroughly wet- 
ted, and thereby freed from aerial particles, and 

\ reduced to a kind of mud, there is danger that 
fom$ dry corpufcles of the powder will, when the 
yeffel i§ under water, be buoyed up and get out 
of it, and floating on the furface of the incumbent 

: water take off from the true weight, that the im-» 
jnerfed powder fhould have in that liquor. 

If the body to be weighed be fubjedt to imbibe 
Water tpp readily, it may be cafed with » coat of 

E 3 bees, 
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bees-wax, and then we muft proceed ih our cal-* 
^Illation according to the method which was be- 
fore defcribed for determining the gravities of 
bodies lighter than water, or the fluid they are 
weighed in, by adding a mdre ponderous body \ 
and as there we weighed the heavier body by itfelf 
in air. and in water, and afterwards "the compound 
of the heavier and the lighter both in air and in 
water, fo here we muft weigh the bees-wax be-- 
fftre we apply it both in air and water, and after- 
wards the compound of the bees- wax and the 
other both in air and in water. If the body pro* 
pofed be diflbluble in water, we may weigh it in 
other liquors, which will not diflblve it, 

Mr. Boyk tells us upon this occafion, confider- 
ing that except quickfilver, the vifible fluids we 
can command are either of an aqueous or of an 
oily nature, and that mpft bodies whereof we car* 
make folutiohs in liquors of the former, will not 
(at leaft fcnfibly) fuffer themfelves to be diflblved 
by thofe of the latter kind, whilfl a propofed folid 
is weighing in them ; he prefumed that the moft 
faline bodies, fuch as allum,vitriol,fal gem, borax, 
fublimate and others, might be commodioufly 
weighed in oleous liquors 5 and amongft thcfeup-? 
on feveral .accounts he made choice of fpirit of 
turpentine. If then we follow his choice, we may 
determine what proportion the gravity of the fo- 
lid propqfed has to the gravity of that fpirit ; and 
by other ways, which have been already explain- 
ed, finding the proportion of the gravity of the 
fame fpirit to ^he gravity of water, by compound- 
ing thiir two proportions, we fliall obtain the pror 
portion of thefolid's gravity to that of water. 

* - : Mqfk 
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Moft men who treat of thefe matters do now-a* 
day? compare all other bodies with water, whofe 
ipecifick gravity they exprefs by an unit. It majr 
perhaps be obje&cd that we cannot difcover the 
proportion between a folid body and water in ge- 
neraJ, but only between the propofed body and the 
particular water it is weighed in, becaufe there 
may poflihly be a great difference between liquors 
which are called common water. Mr. Boyle has 
fupplied us with an anfwer to this objedtioii j I 
will therefore give you his words. " Having had, 
" iays he, the opportunity as well as curipfity up- 
" on feveral occafions to examine the weight of 
" divers waters, fome of them taken up in places 
c < very diftant from one another, I found the dif- 
" feretice between their fpecifick gravities far lefs, 
" than almoft any body would expedt. And if X 
*' be not deceived by my memory the difference 
" between waters, where c>ne would exped: a no- 
f « table disparity, was but about the two thou- 
Cc fandth pait (andfometimes perhaps very far lefs) 
" of the weight of either. Nor did I find any 
€€ confiderable difference between the weight of 
" divers waters of different kinds* as fpring wa- 
€€ ter, river water, rain water, and fnow water ; 
** though this laft was fomewhat lighter than any 
" of the reft. And having had the curiofity to 
€€ procure fome water brought into England, if I 
' * much mifremember not, from the river Ganges 
" itfelf, which fome travellers tell us from the 
'fprefs is by a fifth part lighter than our water,* I 
" found it very little, if at all, lighter than ibme 
* € of our common waters." 

It may alfo be poflibly objeded, that we take 

the weight which bodies have in the air for their 

E 4 abfolute 
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abfolute weight, whereas their, abfolute weight is 
what they would weigh in vacuo. 1 allow that all 
bodies have lefs weight in air than their abfolute 
and real weights in vacuo ; but if we confider that 
this diminution of real weight is in moil bodies 
but about the thousandth part of the whole, and 
in metals, which are the heavieft kind of bodies, 
much lefs, this objection will ceafe to be confider- 
able: yet if any one has a mind to be fo needlefiy 
accurate in a matter which will not bear that 
nicety upon other accounts, he may add the num- 
ber which exprefles the fpecifick gravity of air, 
to all the other numbers of any table of bodies^ 
and by that means correct the whole error which 
rifes from this fource. 

Though this way of examining the gravities of 
bodies hydroftatically be preferable to all others, 
yet it is not free from fome uncertainties. Bodies 
themfelves though they have juftly the fame name 
and are referred to the fame kind, have not any 
exa<ft common ftandard of weight, and fome little 
errors will inevitably arife in phyfical experiments 
though made with the utmoft accuracy. We muft 
therefore be as cautious as we can. When we 
weigh any thing in water or any other liquid, 
great care ought to be taken, that no part of the 
body to be weighed touch the bottom or fides of 
the'veffel, or rile above the furfacej that po bub- 
bles of air (tick to and buoy it up ; that no drops 
of the liquor touch or adhere to the fcales or beam. 
Several other cautions there are which may beft 
belearned by experience, I therefore defign to- 
morrow to.pradtile. the rules which have been 
now laid down, and to fuggeft fome further ufes 
of thi$ fort of experiments. ' A tabk 
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A table of the Jpecifick gravity of bodies. 



Fine gedd — -r- 19.640 
Standardgold — — 18.888 
Qujckfilver — — * 14.0QO 
Lead '— : — — * 1-325 
Ffae-fitver — — 1-1.091 
Standard filver — 1 O; 5 35 
Bifmuth — ^ — — 9.700 
Copper — — — 0.000 
Caftbrafs — — — 8,000 
Steei t— -*- — : .s~ 7.85O 
Iron—' .,«-!- — •«-•- 7.64s 
Tin ~ — 7-320 

Glafs of antimony — 5.280 
A pfeudo-tppas — 4.270 
A diamond 



3.400 

3»5o 

2.720 
2.700 
2.650 
2.620 



Oyl of tartar — 1 . 5 50 

Bezoar — — 1.500" 

Honey - — — -r J'45<* 

Gum arabick ■ 

Spirit of nitre — 

Aqua fortis — — 

Pitch — — 

Spirit of fait ■ ' ■ ■ 

Craffam. of hum. blood 

Spirit of urine — 

Human blood — 

Amber ■ 

Serum of human blood 

Milk 

Urine 



Dry box- wood — • 
Sea water . ■ 

Common water — • 

Camphire 

Bees wax — — 
Linfeed oyl ■ 
Dry oak — 

•Oyl olive — — 
Spirit of turpentine - 
Re&ified fpirit of wine 0.866 
Dry afh — — — 0.80D. 



37 J. 

3'5 

300 

ISO 

130 
126 

126 
I.O54. 

I.O4O 

I.O3O 

"t.030 

a.o3q 

1.030 
r.000 

°-9S5 
0.932 
092$ 
0.913 
0.874 



Clear cryftal glafs — 
Ifland cryftal - — — 
Fine marble * — — 
Rock cryftal — - 
Common green glafs 
. Stone of a mean gravity 2.5C0 
Sal gemmae '— — 2 143 
Brick — - — — 2.000 
Nitre *-+ — - 1.900 
Alabafter — — 1.875 
Dry ivory — — 1.825 
Bri^nftone ■ 1.800 

Dantzick vitriol — 1.715 
Allum — — — »-7i4 
Borax — — 1.714 
Calculus humanus — 1.700 
.Oyl' of vitriol — — 1. 700 
. (a) Thefe are the fpecifick gravities of dry wood. For Dr. Ju- 
fin has obferved that the fubftance of all wood is fpecifkally hea- 
vier than water, fo as to fink in it, after the air is ext rafted from 
the pores and air-veflels of the wood, by placing it in warm water 
under a receiver of an air-pump; or if an air-pump cannot be had, 
by letting the wood continue fome time in boiling water over a 
fire. Thus he found alfo, that fome human calculi, contrary to 
common opinion, are aim oft as heavy as bricks and the footer fort 
pf paving ftones. Phil. Tranf. ^.369. 

The fpecifrck gravities of human blood, its crajfamentum and 
jtrum are taken from very accurate experiments made by the fame 
judicious author.' Phil. franj\ N*. 361. 
• ' LECTURE 



Dry maple 

Dry elm — — 

Dry firr (a) 

Cork — ■ — — 
Air 



0-75S 
0.600 

555 
0.240 



— — o.coii 
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LECTURE Vl. 

ITbe praxis of the bydrofaticdl balance* tbefpecijkk 
gravities of fever al' bodies actually found tfut % 
with an account of the various tt/es of fucb en* 
quiries. 

IT may now be expe&ed, after Co much of out 
time fpent in explaining and prattifing the 
hydroftatical balance, that I fhould give fome ac- 
count of the ufefulnefs of fuch tryals* To do 
this in its fulkft extent would take up more of 
-our time than we can conveniently fpare upon 
that fubjeft alone. There have been whole books 
written upon this matter by Gbetaldus and Mr. 
Boyle j who have nevefthelefs left feveral things 
untouched, which might have been pertinent 
enough to their purpofe. Any one who has in the 
leaft meddled with natural philofophy, muft needs 
be fenfible of what great importance it is to be 
able to compare bodies together, as to their mag- 
nitudes, denfities, # and the quantities of matter 
they contain. Now this may be done by the help 
of the inftruments we have been defcribing and 
making ufe of; for the denfity of any body is as 
its fpecifick gravity, and the quantity of the mat- 
ter it contains is as its abfolute weight; therefore 
whatever comparifons we can make of the mag-r 
fiitudes, fpecinck gravities and abfolute weights 
of bodies, the fame will hold good as to their 
magnitudes, denfities and quantities of matter 
considered together, fience $d our famous Sir 

Ifaaa 
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Ifaac Newton conclude that water has about 40 
times more pores than folid parts. Hence alio 
he made it evident that the forces of bodies to 
reflect and refradt light are very nearly propor- 
tional to their denfities, excepting that unduous 
and fulphureous bodies refract more than others 
of the fame denfity. 

Jt would be needlefs to heap up inftances of 
this kind, which any thinking perfon cannot mils 
of. But though it be impoffible to declare all tha 
ufes there may be of comparing bodies thus, toge^ 
ther, I will however give fome certain rules for 
iuch comparifons, and Ihew how from any two of 
thefe three things, magnitude, fpecifick gravity 
and abfolute weight given, the other may be de- 
termined. Thu6 will our geometry be enlarged, 
and we may be able to find out the magnitude of 
any body hoivever irregular, by its weight and 
fpecifick gravity > and the fame way our ftaticks 
may be improved to find out the weight of 
any body how great foever, fiippofe it were a 
whole building, by the magnitude and fpecifick 
gravity of the materials which compofe it. After 
this I will fliew how any mixture of any two bo- 
dies may be difcovered, as the allay of gold and 
filver, and other problems of the like nature. In 
the third and laft place I will give fome inftances 
of the ufefulnefs of thefe enquiries to phyficians, 
chymifts, apothecaries, jewellers, goldfmiths and 
pthers, who by thefe means may be able to judge 
whether the materials' they deal with be rightly 
qualified for their purpofe or not. 

To detertoine any one of thefe three things, 

Magnitude, fpecifick gravity and abfofcite weight, 

* >0 
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the other two being fuppofed to be givetk or 
known, we may obferve the following Roles. 

1 . If bodies compared together be of equal 
magnitudes, their abfolute weights will be as 
their fpecifick gravities. 

2. If bodies compared together be of the fame 
fpecifick gravity, their abfolute weights will be 
as their magnitudes. 

3. If bodies compared together have their ab- 
folute weights equal, their magnitudes and fpeci- 
fick gravities will be reciprocally as one another* 

Hence if bodies compared together be neither 
of equal magnitudes, nor of the fame fpecifick 
gravity, nor the fame abfolute weight, then 

4. Their abfolute weights will be in a com? 
pound ratio of their fpecifick gravities and their 
magnitudes, 

5. Their fpecifick gravities will be in a com- 
pound ratio of their abfolute jveights dire#Iy and 
magnitudes inversely. 

6. Their magnitudes will be in a compound 
ratio of their abfolut^ weights dire&ly, and their 
fpecifick gravities inverfely. 

To fit thefe rules to our purpofe, we ought fur- 
ther to know the exaft weight of fome certain 
magnitude of a determinate body whofe fpecifick 
gravity we can readily compare with that of all 
other bodies 5 fuch I take water to be, which I 
therefore make choice of. Now a cubick foot 
of water weighs precifely 1000 averdupois ounces; 
I have found it to be very nearly Co myfelf, and 
by comparing feveral experiments that have been 
made by others for this purpofe, I find there is 
fometimes an excefs at other times a defedt, but 

.5 ' * thc 
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the difference is always inconfiderablp. It falls- 
out vcf^y happily and is a great eafe in calcula- 
tion, thkt one cubick foot of water, with which 
other bodies are raoft eafily -compared, and whofe 
fpeciiick gravity is commonly exprefled by an 
unit, fhould weigh fuch a round number of 
ounces. 4 

We have another convenience by taking the 
weight thus by ounces, that we can by this 
means the more eafily exprefs our dedu&ions by 
other ancient and modern weights. For it has 
been fufficiently proved that the ancient and mo- 
dern Roman ounce has no fenfible difference from 
our averdupois ounce, and it is well known that 
other ancient and modern weights are moil ea- 
fily referred to thofe of the Romans. 

Our averdupois ounce contains 437 i grains 
troy, and our averdupois pound contains 7000 
grains troy, fo that the averdupois ounce is to 
the troy ounce nearly as 5 1 to 56, and the aver- 
dupois pound to the troy pound nearly as 17 to 
14. We may therefore by any of thefe propor- 
tions make a reduction from either of thefe 
weights to the other. 

It being evident then by experiment that a 
cuhick foot of water weighs 1000 averdupois 
ounces, we may hence fhorten and facilitate the 
rules which were laid down in more general 
terms, by compounded proportions, and inftcad 
of them make ufe of thefe following ; which all 
along fuppofe the fpecifick gravity of bodies to 
be exprefled by a fcale of numbers wherein 1000 
is put for the fpecifick gravity of water, and 

their 
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their abfolute weight to he cxprefled by the num- 
ber and parts of averdupois ounces, and their 
magnitude to be exprefled by the number and 
parts of a cubicle foot. 

i . The abfolute weight of any body is equal 
to the produdt which arifes by multiplying its 
magnitude and fpecifick gravity together* 

2. The fpecifick gravity of any body is equal 
to the quotient of its abfolute weight divided by 
its magnitude. 

3. The magnitude of any body is equal to 
the quotient of its abfolute weight divided by its 
fpecifick gravity. 

Thefe three rules may be fuffictent and are 
eafy enough to be pradtifed : I thrill give an ex- 
ample fitted to each. Suppofe an archite& be* 
ing about to build a church were defirous to know 
beforehand what weight of lead is requisite to 
cover it, in order to compute the expencehe muil 
be at. He knows by the dimenfions he has pro- 
posed to himfelf, that the area to be covered is 
30000 feet, and is Satisfied by experience that 
the thicknefs of an hundredth part of a foot is 
Sufficient ; multiplying then 30000 by ttc> or* 
dividing it by 100, the magnitude of the lead 
whofe weight he requires will be 300 cubick ftcU 
By making experiment or by fome table he finds 
that the fpecifick gravity of lead is 1 1325 at the 
fame time that the fpecifick gravity of water is 
1 00b. Multiplying therefore according to the 
firft rule the fpecifick gravity 1 1325 by 300 the 
magnitude, the produ<9t will be 3397500, which 
is the number of ounces that the lead will weigh. 

There 
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There arte 3 5840 ounces in a tun, if therefor* 
the produtt be divided by the number of ounces, 
the quotient will be the number of tuns requi- 
site to cover the whole building, which amounts 
to 94 and about £ of a tun, 

Suppofe again for an example of the fecond 
rule, that a polifhed parallelopiped of fine mar- 
ble is in magnitude equal to 4 cubick feet, and 
when weighed comes to 6 hundred weight and 
3 pounds, and it were required to find the Specie 
fick gravity of it. An hundred weight being 112 
(ingle pounds, 6 hundred weight and 3 pounds 
will be equal to 675 fingle pounds, whicn mul- 
tiplied by 1.6 makes 10800 ounces. If then ac- 
cording to the fecond rule,. we divide the weight 
of marble by 4 its magnitude, the quotient 2700 
will be the (pecifick gravity of marble as 1000 is 
the ipecifick gravity of water. By this method 
we find the ipecifick gravities of bodies without 
the help of hydroftaticks, but as this method can 
feldom be put in pradtice by reafbn of the irregu- 
lar figures of moft bodies which we may have oc- 
cafion to examine, fo is it never fo accurate as the 
hydroftatical way which I have already explained* 
/ The third rule is of excellent ufe for determin- 
ing the magnitude of any body how irregular 
foever it be, provided we can affign both its ab- 
solute and ipecifick weight. Let feveral fragments 
of coral be propofed, whofe fpecifick gravity we 
find to be 26903 fuppofc their weight be 7 ounces; 
divide then according to the rule, the abfolute 
weight 7 by the Ipecifick gravity 2690, the quo*- 
tient will give the total magnitude of all the frag- 
ments 



So 7%ejpecifick gravities Le£h 

ments equal to -rAV* of a cubick foot; to reduce 
that to cubick inches, multiply thefc parts -of a 
cubick foot by 1728, the number of cubick 
inches contained in a cubick foot, the product will 
be four inches and very nearly an half, which is 
the total magnitude of all the irregular fragments 
which were propofed to be meafured : which is 
an eafy and very exaft way of obtaining the di-^ 
mentions of feveral bodies which cannot be 
brought under the rules of geometry. 
s Another ufe which I mentioned of thefe hy* 
droftatical trials, was to difcover in what propor- 
tion any two bodies are mixed together in a com* 
portion offered to be examined. The data requi* 
lite for this purpofe, are the fpecifick gravities of 
the mixture and of the two ingredients; thefe are 
all of them to be obtained by the hydroftatical 
balance, and are fufficient for the difcovery, by 
the help of the following rules of proportion, 
j As the difference of the fpecifick gravities of 
the mixture and the lighter ingredient, is to, the 
difference of the fpecifick gravities of the mixture 
and heavier ingredient, fo is the magnitude of the 
.heavier to the magnitude of the lighter ingredi- 
ent ; then as the magnitude of the heavier ingre- 
dient multiplied into its fpecifick gravity, is to 
the magnitude of the lighter ingredient multi* 
plied into its fpecifick gravity, fo is the weight 
of the heavier ingredient to the weight of the 
lighter* 

The reafon of this laft rule is obvious enough 
from what has been faid before, and the reafon of 
the firft may eafily be found out by thofe who 

'are 
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are qualified fo underftand it'when demonstrated* 
I will therefore pafsitoyer and propofeanexampie* 
Let it be the famous one of king Hieras Crown. 
Suppofe thert the fpecifick gravity of the gold* 
which the king furniflied his workman with for 
making the crown were as 19, and the fpecifick 
gravity of the crown as it was debafed, were 16 i 
and the fpecifick gravity of the filver which the 
workman ufed for that purpofe were 1 1, we are 
from thefe data thus to ftate our proportion ac- 
cording to the firft Rule. As 5 the difference of 
1 6 and 1 1, the fpecifick gravities of the mixture 
and lighter ingredient, is to 3 the difference of 16 
and 19, the fpecifick gravities of the mixture and 
heavier ingredient, fo is the magnitude of the 
heavier ingredient gold, to the magnitude of the 
lighter ingredient filver j by, which it appear^ 
that of the magnitude of the crown, 3 parts in 8 
were filver. Then by the fecond rule we muft fay 
as 95, the produdt of 5 and 1 9, the magnitude 
and fpecifick gravity of .the heavier ingredient gold, 
is to 33 the product of 3 and 1 1, the magnitude 
and fpecifick gravity of the lighter ingredient fil- 
ver j fo is the weight of the heavier ingredient 
gold, to the weight of the lighter ingredient filver. 
By which it appears that of the whole weight of 
the crown 33 parts in 128, or fomewhat more than 
a fourth part were filver, if the circumftances 
were really fuch as we fuppofed them to be (a). 
, Thus 

(*) The rule abovementioned may be thus found out. Let 
the magnitudes of the gold and filver in the crown be J and B 9 
and their fpecifick gravities as a and b ; then, fince the ab- 
folute gravity or weight of any body is compounded' of its 

p magnitude 
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Thfcs may the hnqf&s of coins be examined ant! 
the proportion of alloy be determined WithtJut 
any detriment. And what has been faid as to 
metals may be applied to other bodies and even ff a* 
ids to very good purpofes, if due caution be takeft: 
' The third and laft thing propofed was to giV£ 
fomc inftances of the ufefulnefs of thefe enquiries 
to phyficians, ehymifts, apothecaries, jewellers, 
goidfmiths, &c. Mr. Boy/ehzs treated this fubjed: 
very fully in his excellent Medicina Hydrofiaticdi 
I will therefore tranfcribe fome things from that 
book of his ; a few will fuffice to encourage the 
reading of it to thofe who have not yet done it, 
and many would be tedious to thofe who have. 
Having made it probable in his treatife of gems, 
that divers, if not moft, of the real virtues of pre- 
cious ftones may in great part proceed from the 
quantities of metalline and mineral fubftances, 
that in the ftate of fluidity or foftnefs were incor- 
porated with the ftorty matter, which hardened 
afterwards into a gem, he was hence induced Mb 
fufpedfc that divers boles, clays and other earths, 
that feveral minerals hot looked upon as metalline, 
that feveral ftones which are commonly negle&ed 
for want of beauty, may yet be endowed with 
confideraWe medicinal virtues, and perhaps with 
greater thart the finer gems thcmfelves; upon 
account of the great quantity of metalline and 

x magnitude and fpccifick gravity, the weight of the gold is 
gjjr+of the Alver bB y and of the crown a A-{*&B±zc x 
A*{- B fuopofing c is the fpecifick gravity of the mixture. 
Hence a A — c A=cB — b B and confequently * — h:d 
— c::A:B, which id the rule abovementiofled. 

mineral 
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mineral fubftanccs, with which they might be 
impregnated whilft they we're ltkfolutis prmcipiiu 
The method which he propofes for the explore 
tipn of foffils/is by finding their fpecifick gravi- 
ties* For fince the moft pure and homogeneous 
kind of ftones, are in gravity to water as about 
z^to 1 ; and tin the lighteft of metals is about 7 
tidies heavier than water $ if a ftony fubftance be 
found to exceed in gravity that proportion of zi 
to 1, it muft be probable that it has in it fome 
adventitious matter of a metalline nature, oris at 
leaft commixed with fome mineral body mor£ 
heavy than pure ftone ; and may therefore very 
probably be ufefully applied to fome medicinal 
purpofes, He illuftrates this matter by experi* 
inents made upon fome fubftances which arc 
found to be ufeful in phyfick* fuch are the lapis 
bamatites or blood-ftone, lapis lazuli, the load- 
ftone, and kpti ca laminar is y which he found to be 
in gravity to water refpe&ively as 4,159 3*00* 
4.93- and 4.92 to i* 

A fecond ufe which he propofes of the hydro* 
ftatical way of enquiry, is to find out whether a 
body propounded a* likely to be a ftone of the 
mineral kind, be fo indeed,, Thus coral which; 
iays he, fome take u> be a plants others a litho-r 
dendron, but moft reckon it among precious 
ftones, is in gravity to water as 2*68 to 1, which 
favours the laft opiriibtt Thus a pearl was found 
to be in gravity as 2*51 * a calculus humanus was 
in gravity as j.7; a bezoar as i.e. Thefe two 
laft he thinks ought to be diftingui/hed from com^ 
«ion ftones, being fo much lighter, and he there* 

F 2 fore 
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fore chufes rather to call them animal ftones than 
fingly ftones. A third ufe which he propofes, is 
to difcover the refemblance or difference between 
bodies of the fame denomination. A fourth ufe 
is to difcern genuine ftones from counterfeit ones, 
which may be of great help to jewellers. He in* 
ftances in factitious coral and factitious gems, 
which he found out that way not to be genuine. 
A bezoar which in .appearance feemed to be very 
fair and by no means a counterfeit, and had there- 
fore a great price fet on it, was the fame way de- 
tected, being found to be as ponderous as a mine- 
ral ftone of the fame bignefs, whereas it ought to 
have been nearly as light again. Thus mercury 
has been fometimes found not altogether 1 3 times 
and an half heavier than water ; at other times 
it has been obferved to be fomewhat above 14 
times heavier. 

.Now that we may obferve this by the way* 
here may hence arife a notable difference in two 
weather-glaffes at the fame time and in the fame 
place, if the mercury of the one be not of the 
fame gravity with the mercury of the other, and 
the difference may amount even to a whole inch. 
Thofe therefore who publifh regifters of the 
weather, ought alfo to find out and declare to 
the world the fpecifick gravity of the quickfilver 
they make ufe of in their tubes. 

After the fame method may an eftimate be 
made of the goodnefs of any of thofe fubftances 
that compofe the materia medica, which is of 
great ufe to phyficians, chymifts, apothecaries and 
druggifts. Hence alfo may the goldfmith be afr 
6 lifted 
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fitted in judging of the finenefs of his metals, and 
the merchant in his choice of fand gold and other 
precious commodities which are often counter- 
feited*. and the miner may hence inform his judg- 
ment concerning the various fubftances he meets 
with under ground. * ' > 

To conclude, this excellent philosopher, about 
the end of his book, lets us know the high value 
he has for this method in the following words. 
" As little fkill as I have in hydroftaticks I would 
€€ not be debarred from the ufe of them for a 
€ * confiderable fum of money ; it having already 
€€ done, me acceptable fervice, and on far more 
c< occafions than I myfelf expedted at firft, efpe- 
<f cially in the examen of metals and mineral bo- 
<c dies, and of feveral chymical productions. And 
f€ I have been able more than once or twice ta 
" undeceive artifts and other experimenters, that 
"bona jide, believed they had made, or were 
" pofleflbrs of, Iunajixa,as they call it, and other 
€€ valuable things ; and to make a judgment of 
€€ the genuinenefs or falfity, and the degrees of 
cc worth and ftrength in their kind, of divers 
€c richer and poorer metalline mixtures and other 
€S bodies, fome folid and fome liquid, whofe fair 
cc appearances might otherwife have much puz- 
" zled, if not deceived me/' 
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LECTUKE VU. 

* * 

#be fever al phanomena of the Torricellian expert? 

" . tnent exhibited and explained. 

HAVING exhibited the principal phaena? 
meha of the Torricellian experiment (a), J 
need not ufe many words to evince their depeiw 
dcnce upon the gravitation of the air. Let us fup 7 
pofe that thefe things were altogether new to ns t 

and 

(a) The principal phenomena of the Torricellian experi<- 
mrrrt fe calfed from the name of its inventor, arc represented 
by Fig. 30, in the following manner. Having filled a glaii 
tube with quickfilver and covered its orifice with your finger, 
an<J inverted it, and immerfed the finger in a veflel of quick* 
filver; upon withdrawing the finger from the orifice, the 
quickfilver will never wholly fubfide ; if the tube be long 
enough, it will fubfide ia part, till it refts at a certain alti- 
tude, generally between 31 and 28 inches ; but if the tube 
he fhoner thaii that altitude, 1t will not fubfide at alb 
[ It is further remarkable, if feveral tubes of various lengths, 
fhapes and capacities be thus filled and inverted, that the 
fiirfaces of the contained quickfilver will reft exactly upon 
the fame level in all, whether held upright or any way in- 
clined. I fay exactly, provided the bore of none of the tubes 
be too narrow, and due care be taken in filling them to ex*. 
pel all the little air-bubbles that adhere to their infides : which 
may be done by putting a flender wire into the tube and ftir 
it up and down ; or, if the tube and quickfilver be. very clean, 
as they ought, by leaving about an inch or lefs-of the tube 
unfilled, by covering its orifice with your finger and by inV. 
verting it- gently, that the air in the vacant part may a/cend 
gradually alorig the tube, and fweep up the little air-bubbled 
ajorig with it : and.laftly by reverting it gradually to its fori 
rher pcfition and filling it up with quickfilver. :v . 
\ Ii> this latter method take care, that the large air- bubble 
may noj afcend too quick, left by ** rufhing againft the crown 
of the tube with violence, it fljould break it. /. Alfo in empty* . 
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and laying afide all former prejudices in favour 
of any hypothecs, let us try whether a due con- 
fideration of the effe&s which we have feen,ma# 
Bot be fufficient to lead us into the knowledge of 
their caufes. It appears at firft fight to be alto- 
gether repugnant to the laws of hydroftaticks, that 
the quickfilver within the tube iho\M be fo much 
more elevated than that within the vefielintp 
which it was inverted. For imagining an hori- 
zontal plane to pafs by the lower orifice of the 
tube through the body of the quickfilver within 
the veflel, it will be evident that the part of the 
plane which is contiguous to and placed dire&ly 
sunder the faid orifice* has a greater weight of 
quickfilver incumbent upon it than any other 
equal part of the fame plane. Now we have often 
feen in the former week, that fluids cannot pof* 
fibly reft in equilibria, whilft the equal parts of 
fuch an imaginary horizontal plane are unequally 
prefled upon, which neverthelefs happens in our 
prefent experiments ; therefore we muft neceflarily 
conclude, either that the general courfe of things 
is here interrupted and that thefe phenomena are 
a fort of miracle in nature, or that there i6, con- 
trary to what does at firft fight appear, an equal- 
ing the tube, for fear of the like accident, take care Jirft to 
fiiclinc it, then to draw the orifice gently above the furface 
of the ftagnant quickfilver, and immediately to immerife ft 
again, fo as to take in 'but little airat a time. 

This is the w^y of making a weather-glafs, which will be 
con>pleat when placed in a common frame, having at the fide 
a fcale of three inches, divided into tenths as ufual, and 
placed at the height of 28 inches above the furface of the 
quickfilver in the bafon. v ; " ^ 

*•-■.-'• F4 it y ; 
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fay of preflfare upon every part of our imaginary 
plane. Jf there be that equality of preflttre, it 
fnuft proceed either from fome ihcreafe of the 
lefler or fome diminution of the greater, or pej> 
haps from both ; that is, there muft either be 
fome, as yet by us unheeded preflure, added to 
that of the quickfilver in the veflel, or fome fuf* 
penfion of the quickfilver in the tube, whereby 
its excefs. of gravitation may be taken off. 

Let it then be confidered how either of thefe 
ways may be accounted for. If the equality pro- 
ceeds from fome preflure added to that of die 
quickfilver in the veflel^ it muft arife from fome- 
thing contiguous to the furface of theveflelled 
jquickfilver. Since then the furface is contiguous 
to the air only, nothing but the preflure of the ait 
can be that additional force I have hitherto been 
fpeaking of. The preflure of the air is therefore 
one of the caufes we are to examine. We are al- 
to to confider of the other, and to enquire how 
the excefs of preflure of the quickfilver in the 
tube may be fufpended ; and here I muft needs 
confefs myfelf to be utterly at a lofs ; not being- 
able to imagine any caufe fufficient for this effect, 
that fhall at the fame time agree with the reft of 
the appearances of nature. Francifcus Linus does 
indeed imagine he has found out what I defpaiy 
,of ; let him then be anfwerable for his own con*, 
ceit, which it may not be improper in this place 
to give you fome account of; and I cannot do it 
better, fince I have not Linus 's book by me, than 
\n tije words pf Dr. Power. His principles ar? 
fhefe, ' r - 

J.Thaf 
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---j. .--That there is an infeparahility of bodies, fo 
that there can be no vacuities in rtrum natura. 

"2. That the deferted part of the tube is filled 
wkh a final! film of quickfilver, which being 
taken off from the tipper part of it, is both exte- 
nuated and extended through the feeming vacuity. 
. 3. That by this extended film or rope, as he 
calls it, of dilated quickfilver, the reft of the 
.quickfilvcr in the tube is fufpended, and kept up 
from falling into die veffel. 

4. That this funicle or rope is exceedingly ra- 
refied and extended by the weight of the pendent 
quickfilver, and will, upon removal of that vio- 
lent caufe which fo holds it, recontratt itfelf in- 
to its former dimenfions again, and fo draw up 
what body foever it hath hold of along with it ; 
as the. effluviums of an eledrick body, upon its 
retreat, plucks up ftraws or any other thing with 
it, that it is able to wield. 

5, That this extension of the film of quick- 
filver is not indefinite, but hath a certain limit 
beyond which it will not be ftretched; and there- 
fore if the tube be of an exceeding great height^ 
the quickfilver will rather part with another film 
and extend that, and fo a third or fourth till it 
come to the ftandard of 29 inches where it refts, 
having not weight nor power enough to feparate 
another film from it. 

■ Thefe are his principles, and that you may 
have a tafte of the application he makes of them, 
I will add, that his reafon why the quickfilvcr 
in a tube under 29 inches defcends not at all is 
Jrhis, becaufe it fticks with its uppermoft furface 

fo 
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jfo clofe to the top of the tube, that there is pot 
weight enough: to break that adhefion ; the rear 
{on wherepf is, becaufe there is nothing to fuc- 
cecd in the room of the defcending quickfilver^ 
and therefore it firmly flicks there ne daretur va- 
cuum. 

In longer .tubes it falls to that ftandard, be- 
caufe then the greater weight of the quickfilver 
is able to break that link of contigpity or adhe- 
fion, and therefore the uppermoft furfaoe of the 
quickfilver being fliced off, is dilated into a thin 
column or funicle, which fupplies that feeming 
vacuity. Now, fays Dr. Power, for the pofitive 
arguments to avouch his principles by, he has 
©one at all, only what he fetches a pojleriori* 
from his commodious folution of difficulties and 
fitfving the phenomena better than others have 
done. This is the hypothefis of Linus, and ths 
only one I have met with that pretends to ac- 
count for our phenomena by taking off the exr 
cefs of gravitation of the quickfilver in the tube. 

. Thus much then we have hitherto eftablilhed, 
that nature either fufpends her fettled laws for the 
production of thefe phenomena, or that there is 
tome additional prefiure communicated to the 
quickfilver in the veffel, which can be np other* 
as has been proved, than the preffufe of the ai£ 
which is contiguous to it j or laftly that the ex- 
cels of preffure from the quickfilver in the tubes 
i$ by fojne way or other, which I confefs I can- 
got difeqver, taken off or rendered ineffectual. 

: It is unreafonable to imagine that nature fhould 
forfake her wonted paths upon fo trifling an oc^' 

1 ■ -cafion^ 
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ca^oo ; it is certain we have no precedent to 
warrant fucti a fufpicibn ; it has indeed been ftre* 
iiuoqfly maintained by the fchools, that nature 
does at all times fufpend any of her laws to pre* 
vent a vacuum, to which they confidently tell \xt 
fhe has a moft dreadful averfipn. Now by na- 
ture they muft mean, if they mean any thing, 
either the author of all created beings or the crea* 
Jures themfelves ; if they would be understood 
in the firft feijfe, they do unavoidably charge 
omnifcience its felf with incogitancy, fuppofing 
him fo to have created the world as continually 
to ftand in need of miracles for its prefervation ; 
it being in their own power, as often as they 
pleafe tq make a trifling experiment, to put him 
to the neceflity of interpofing to hinder a vacuum. 
If they mean by nature the creatures themfclves, 
then they muft: of neceflity fall into another ah* 
furdity, whilft they fuppofe brute matter to be 
intelligent, and to put its felf into aftion in pur* 
Tuit of fome determinate end. 

This I prefume may be fufficient to expofe that 
grofs opinion concerning zfuga vacui, fuppofing 
it coijld account for our experiments, which it 
cannoVdo by any means. When the length of the 
jube waslcls than 30 or 29 inches or thereabouts^ 
the quickfilver as we faw did not defcend, and 
thereby defer* the top of the tube, fo as (o leave 
a vacuity behind it; here indeed it poflibly might 
be pretended that nature went out of her way 
to prevent a vacuum; why then was {he noff 
Equally concerned to do it when the tube was 
longer f It muft at laft be faid that her power is 
limited and kept in by certain determinate laws. 
• "- "■■ ■>*•••; ' • There 



g 2 ' The ph&nomena of the * Le<St. : 

Thcrt remains then but two ways of explain- 
ing the phenomena we are concerned with. The 
preffure of the air upon the quickfilver in the 
veflel, or fome unknown caufe which takes off 
the excefs of preffure from the quickfilver in 
thte tube. Let us now try whether either of 
them may poffibly be excluded, fo that at length 
we may be certain what to fix upon. 

We may make ufe of that ingenious device of 
Mr. Azout as an experimentum cruris in our pre-, 
fent enquiry {b). We are chiefly to attend to 
yrhat happened in the upper tube and ciftern. It 

was 

(£) The inftrument for trying M. Jzout's experiment con* 
lifts of feveral parts. In Fig. 31, a b is the lower bafon, 
be the lower tube, cdefthe upper bafon, whofe bottom part 
is fkrewed at c into a hollow brafs collar cemented round the 
top of the lower tube, and efg is the upper tube, put through 
' ? brafs collar cemented to it aty* and fkrewed into the upper 
part of this bafon. This tube reaches almoft to the bottom 
of the bafon, covered over with hard cement; through which, 
towards one fide, there paffes a fmall pipe h *, fo bent, un- 
derneath the cement, towards the middle of the bafon, as 
to r^ach down towards the orifice of the under tube c b. 

The manner of making the experiment is this. The bot- 
tom of the lower tube is furrounded with two parallel collars 
of hard cement, having a neck between them, for the con- 
venience of tying a piece of wet bladder very tight over this 
orifice of the tube. Having taken off the upper ciftern and 
tube, firft fill the lower tube with quickfilver, well purged 
of air-bubbles; then fkrew on the upper bafon, and fill it 
with quickfilver, which will alfo fill the included pipe hi\ 
then fkrew in the upper tube and fill it alfo with quickfilver, ' 
well purged of air-bubbles, up to the very top, and tyc a 
wet bladder over it in the fame manner as below. 

The inftrument being thus filled, with a fmall penknife 
immerfed in the quickfilver in the lower bafon, cut flits in 
the lower bladder, for the quickfilver in the tubes to defcend 

through 1 
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was evident that the quickfilver which remained 
in the upper ciftern, after opening the orifice of 
the lower tube, was free from the contact of the 
air ; if therefore the elevation of the quickfilvex 
in the tubes in the former experiments, did pro- 
ceed from the preffure of the air upon the quick- 
filver in the ciftern, becaufe in this upper ciftern 
there was no fuch preffure, there ought to be no 
fach elevation ; but if the elevation of the quick-- 
filver in the former experiments did depend up- 
on fome other unknown caufe, by which- the e*- 
cefs of preffure from the quickfilver in the tube 
was taken off, then ought the quickfilver in the 
tube to remain alfo elevated in this experiment, 
fdl circumftances being the fame here as in the for* 
mer, excepting that the air is here excluded fron* 
the furface of the quickfilver in the upper ciftern. 
Since then in this decifive experiment we faw 
that the quickfilver in the upper tube was not ele- 
vated as in the former experiments, but fell down 
to the level of that which was contained in the 

through ; by which means the upper tube will firft be evacu- 
ated, and then the upper part of the upper bafon, as low as 
the upper orifice of the bended pipe ; then will this pipe be 
next evacuated and the upper part of the lower tube, fo far 
as to leave no more in it than a column equal to the ftandard 
altitude, as in the Torricellian experiment made with a fingle 
tube. 

But upon unfkrewing the upper tube, fo as f> admit fosict 
air gradually into the upper bafon, the quickfilver will af- 
cend to the ftandard altitude in the upper tube, and defcend 
quite to the bottom of the. lower tube. Laftly upon pricking 
the upper bladder with a pin, the admitted air will deprefs 
the quickfilver, in this tube alfo, to the level of that in this 
bafon- 

ciftern, 
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ciftern, we may very fecurety from hence coo^ 
elude, that its elevation in the former experiments 
was not owing to any other caufe, but to thd 
preflbre of the air only. 

For a further confirmation of this conclufiofp, 
which yet needs not any, we may obferve, thai 
fts the air was permitted gradually to enter into 
the upper ciftern, fo was the quickfilvcr gradu- 
ally elevated in the upper tube, till it had attained 
its ftandard altitude of about 29 or 30 inches* 
and at the fame time the quickfilver in the lower 
tube was deprefled gradually, till it was reduced 
to the level of that in the lower ciftern. For the 
air being fuffered to prefs equally upon the quick- 
filver in the lower tube and upon that in the 
lower ciftern, there is now no reafon why it 
fhould be any longer elevated, as it was when 
the air preffed only upon that within the ciftern* 
Yoy will hereafter meet with (till further proof* 
and confirmations of the air's preflure. 

It is now our bufinefs to account for that ob- 
fervation, which was made upon thefe expe- 
riments, that the perpendicular altitude of the 
quickfilver in the tube above that in the cifter*| 
is conftantly the fame, whatever be the length, 
widenefs, figure or fituation of it. We hav$ 
feen already that the preflure of the air is that 
additional force which counterbalances the excels 
of gravity from the quickfilver in the tube j it 
will follow from hence that, that part of the up- 
per furface of the quickfilver in the ciftern which 
is contained within the orifice of the tube, is juft 
fo much, neither more nor lefs, preffed upon by 
5 the 
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the quickfilver in the tube, as any other equal 
part of the fame fufface is prefled upon by thd 
weight of the column of air incumbent on it. 

We faw in the laft week, that tha preffure of 
all* Quids upon any propofed plane was according 
to their altitudes ; that as long as the altitude wai 
the fanie, the preffure was alfo the fame, though 
the quantity of the prefiing fluid was never ib 
much altered, either by being contained in a ve£» 
fel differently figured or differently inclined* 
Therefore in all the cafes of the experiment* 
which have been made this day, the preffure of 
the quickfilver contained in the tubes, however 
figured or fituated, is every where the fame, artd 
every where equal to the preffure of the air upon 
the other equal parts of the fur face of the quick* 
filver in the ciftern, becaufe, as we faw, the aU 
titude is always the fame. The elevation of the 
quickfilver always to the fame height, ought^riot 
then to be urged as an argument againft what We 
have proved, that the gravitation of the air is 
the caufe of the phenomena in the Torricelliaa 
experiment, fince we have fhewn it to be a ne* 
Ceflary effeft of that caufe. 

Let us now proceed to thofe experiments which 
were made to determine the force requifite to bear 
up the inverted tube (a). We obferved that the 

force 

(a) In Fig. 32, a b reprefents the Torricellian tube im- 
merfed in a bafon of quickfilver, and fufpended at the beanfc 
of a bal lance by the ftring a, lapped about the end of the tubfe 
and fattened to it with hard cement The tube beyig coun* 
terpoifed with weights in the oppofite fcale, its orlBce play« 
freely within the quickfilver in the bafon, and is hindered 

iron* 
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force was, as nearly as we could eftimate it, equal 
to the weight of the tube and the quickfilver con-* 
tained in it; abating the weight of ib much quick- 
filver as was equal in magnitude to the part im- 
merfed. This phenomenon does at firft view 
feem to difagree with what we have hitherto ad- 
vanced, and to favour the funicular hypothecs j 
accordingly the patrons of that hypothefis have 
not been wanting to make ufe of it for their pur- 
pofe. For if the preffure of the air upon the fur- 
face of the quickfilver in the veflel, be the true 
caufe of the elevation of the quickfilver in the 
tube, it (hould feem that the. weight of the quick- 
filver in the tube, being fuftained by that preffure 
of the air, ought not in the leaft to be perceived 
by the hand of him who holds up the tube ; and 
that he ought to be fenfible only of the bare 
weight of the tube. Since then the weight of 
the, quickfilver, as appears by our experiments, 
does alfo feem to load the hand, it may perhaps 
be fufpe&ed that the quickfilver is connected to 
the top of the tube by Linus s rope. 

from afcending accidentally above it, by a table placed under 
the oppofioe fcale. With your finger immerfed in the quick- 
filver, having covered the orifice of the tube and fhut up the 
column within it, take it up and incline it gradually till it be 
quite inverted, then putting the clofed end into the quickfilver 
in the bafon,* hang the open end upon the balance by the ftring 
by and the beam will again be in equilibrio as before. 

a (Jreprefents a like tube, fhorter than theftandard alti- 
tude, which being hung at the balance by the ftring a or 
at either end, will alfo counterpoife the fame weight in both 
pofitions. I believe Dr. Wallis was the inventor of this ex- 
periment 

But 
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But we ought to obferve that this weight, 
which at firft fight one would be apt to afcribe to 
the quickfilver contained in the tube, is not ia 
reality the weight of the quickfilver, that being 
uriqueftionably fupported by the preffure of the 
air upon the ffagnant quickfilver of the cittern 
below, but is the weight of the column of air in- 
cumbent upon the crown of the tube, which is 
equivalent to the weight of the quickfilver con- 
tained in the tube, and which we therefore un- 
warily are apt to look upon as the very weight of 
that quickfilver its felf. For the weight of that 
air ought in this experiment to be perceived by 
the balance, or by the hapd of him who held up 
the tube,- fince it is not counterbalanced and fo 
taken off by an equal preflufe from below, as it 
is when the tube is empty ,• that counterbalance 
being now otherways employed in bearing up the 
quickfilver within the tube. 

There have been feveral warm difputes, but to 
little purpofe, about the fpace in the top of the 
Torricellian tube, which is deferred by the de- 
fending quickfilver, fome holding it to be an ab- 
solute vacuity, others denying that there is or can 
be anyfuch thing in nature. Their materia Tub- 
tduit always ready upon any difficulty, and they 
employ it a thoufand ways as occafion requires 
This we may fec.urely affirm, and it is fumcient 
for our purpofe, that the deferted fpace, if it be 
not altogether free from the common air we 
breath, yet is fo as to all fenfe ; which we may- 
be certain of by inclining the tube ; for the quick- 
iilver will again repofiefs the fpace it had#brmer- 
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ly quitted, which it could not do, were that 
fpace taken up by the air. We may indeed fome- 
times, upon inclination, perceive fome air ftill 
lurking behind, but the quantity of it is general- 
ly (o fmall, if care be taken in making the ex^- 
periment, that it deferves not to be regarded, .. 

LECTURE VIII. 

Mr. PafcaPi imitation of the Torricellian experi- 
ment by water ; other experiments of the like na- 
ture with fluids varioujly combined; the prejure 
of the air Jhewn by experiment to be different at 
different altitudes from tbefurface of the earth. . 

I Procured the apparatus for that chargeable 
and troublefbme experiment of Mr. PafcalfaJ 
rather as a curiofity than as abfolutely neceflary to 
our purpofe ; for fince the preflure of the air was 
able to keep the quickfilver in the Torricellian 
tube, elevated to the altitude of about 29 or 30 
inches, as we yefterday faw, we might without 
making the experiment fafely conclude, that the 
fame preflure of the air would be fufficient to 
keep water elevated in the Pafcalian tube to an 
altitude about 1 4 times greater ; that is, to about 
34 feet. For iince quickfilver, as we found by 
the hydroftatical .balance, is about 14 times fpe- 
cifically heavier than common water, fo the al- 
titude of water requifite to counterbalance the 
preflure of the air, ought to be about 14 times as 

(a) The beft way of trying this experiment is fufficiently 
defcribed in the fequel of the leflure. 

great 
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great as the altitude of quickfilver reqiiifite for 
the fame ptirpofe. But matter of fa<fl is always 
more convincing than any reafon how well foever 
it be grounded, and what we fee with oiir eyes 
is always more fatisfa&ory than any relation of 
I what has been done by others. We have there- 
! fore ventured to repeat that noble experiment; 
which had alfo been tried by others with fuccefs, 
though not very often by reafon of the great dif- 
ficulty in managing it. 

Mr. Pafcal is faid to be thefifft that attempted 
: it. The learned and induftrious Jefuit Gafpar 
; Scbottus has, in his Tecbnica curiofa, given us an 
account, from a letter of Mr. RobervdU of the 
motives which chiefly induced Mr. Pa/caltomzk6 
this trial. He tells us from that letter, that Mr; 
Pafcal did at Roan in Normandy exhibit this ex^ 
periment with water and wine, in tubes of cryf- 
tal glafs 40 feet long, which were fixed to the 
f maft of a fliip, that was contrived to be raifed and 
depreffed as need required. He alfo informs us 
that the occafion of having recourfe to tubes of 
that length, was, that when feveral learned men 
faw the quickfilver in the Torricellian experiment, 
when it deferted the upper part of the tube, fb 
to defcend as always to poffefs in the lower part 
of the tube, the altitude of 2 Paris feet and 3 £ 
inches nearly, meafured perpendicularly from the ' 
furface of the quickfilver in the veflel underneath, 
they divided into different opinions ; and fome of 
them who were Peripateticks aflerted* that in the 
Upper part of the tube, deferted by the quickfil- 
ver, there was contained fome ipirits evaporated 
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from the quickfilver, which being rarefied did 
fill that part, thereby helping nature now' put to 
her ihifts, againft her mortal enemy a vacuum. 
Now Mr. Pa/calf that he might plainly convince 
thefe men of their error, procured (fays Ro&frval) 
cryftal tubes of 40 feet in length to be tied to a 
mail, and engines to be applied as was faid before* 
and having fixed upon a day and a fpacious placa 
near the glafs-houfe, he invited all to be prefent 
to fee wonders. 

Now Mr. Pa/cat had privately made a calcula- 
tion of water and wine, compared with quickfil- 
ver as to their gravities, that thence he might 
find out the altitude due to each of them, fo as 
they'^iight equiponderate ; and he found, that 
taking^ P^ris feet and 3^. inches for the altitude 
of qldckfifveF, the altitude due tp ihg. 9 ateT-muft 
be 3 1 feet and about 4. ; and in like manner the 
altitude due to the wine muft be 31 "feet, and £ 
nearly. Then before he opened any thing of hi§ 
defign, by queftioning them he eafily made them 
confefs that there was certainly a greater quantity 
of fpirits in wine than in water ; fo that if the 
experiment could be made with thofe liquors, the 
wine would leave a greater fpace in the top of the 
tube than the water, provided the tubes were of 
equal lengths. This being allowed him, thenjaft 
was fhewn with ther tubes tied to it, which be- 
ing filled, the one with water, the other with 
wine, and their orifices being clofed, the maft 
* was eredted, and veffels were applied to the ori- 
fices, the one filled with wine, the other with 
water, into which the orifices were ijnmerfed, 

the 
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the tubes ftill remaining full till their orifices were 
opened ; which when done, the liquors contain- 
ed in the tubes did fo defcend, as that after they 
came to reft, the altitude of the water in its tube, 
above the furface of the water in the veflel below, 
was 3 1 feet and about 4» but the altitude of the 
wine was fomewhat greater, being 3 1 feet and 
about r; the upper parts of both tubes remaining 
to appearance void of any thing, as is ufual in the 
Torricellian experiment. 

The liquors in the tubes were afterwards- 
changed, that being filled with water which was 
before filled with wine, and that with wine which 
was before filled with water; notwithftanding 
this, no alteration was obferved as to the alti- 
tudes. Thus did he confute his adverfaries from 
their own conceffions, fliewing them, if their 
hypothefis were true, that a greater fpace was 
neceflarily occupied by the ipirits of water than 
by thofe of wine, and confequently that water 
was more fpirituous than wine; contrary to all 
reafon and experience. 

Let us now come to thofe experiments which 
were made by combining two different fluids in 
the fame tube. The trials we made were with 
quickfilver and water, quickfilver and air, water 
and air, and thefe are fufficient to let us under- 
fland what the event would be if any other fluids 
be made ufe of. We have feen that quickfilver is 
elevated by the preffure of the air to about 29 
inches and £, and water to about 34 feet. It is 
eafy then to underftand that a mixture of quick- 
filver aad water, muft needs be raifed by the fame 
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the flandard altitude 30 inches, is equal to 10 
inches $ the length of the upper part of the tube 
which is to be left free from quickfilver after in- 
yerfion, is 1 5 inches; for there being but 35 inches 
of the tube extant above the furface of the quick- 
filver in the veflel, and 20 of thefc 35 being pof- 
feffed by the quickfilver, there will *emain 1 5 free 
from the quickfilver ; we mud fay then, by the 
rule, s^s 30 inches, the ftandard altitude, are to 
10 inches the defedt of the propofed altitude from 
the ftandard, fo are 1 5 inches, the length of the 
upper part of the tube to be left free from quick- 
filver after inverfion, to 5 inches, the length of 
that part of the tube which is to be left free from 
quickfilver before the inverfion- If then we fill 
tne tube with quickfilver excepting 5 inches which 
we leave to be poflefled by the a,ir, then doling 
the orifice we invert it, thefe 5 inches of air will 
readily afcend tp the top of the tube ; afterwards 
immerfing the lower end an inch deep under the 
quickfilver in the veflel, when we uncover the 
qrificje, the quickfilver will immediately fall down 
tp the altitude of 20 inches, which was the thing 
propofed to be eflfedted ; and the air which, did 
juft before poflefs only 5 inches, will now upon 
the retreat of the quickfilver dilat^ itfelf to 15. 

In this example the, tube was 36 inphes long, 
which is more than the ftandard; fuppofe now 
it were but 24, which is lefs than, the ftandard 1 
Let an inch as before be immerfed in the veflel, 
there will then be but 23 extant, and ltf it be pro- 
pofed to find out how much air muft be jeft in, 
$e tube before inverfion,. to make the quickfilvec 

reft 
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reft at the altitude of 18 inches after inverfion. 
The defeat of 18 inches from the ftandard is 12 
inches $ the upper part of the tube which is to 
be free from the quickfilver, is 5 inches, 1 8 of 
the 23 inches extant being to be pofidfled by it. 
Say then as 30, the ftandard, is to 12, the defe& 
of the altitude propofed from the ftandard, fo is. 
5, the part free from quickfilver after invfcrfion, 
to 2, the part to be left free from quickfilver be- 
fore inverfion.. If then the tube be filled with 
quickfilver excepting 2 inches, after inverfion the 
quickfilver will reft at the altitude of 18 inches. 

In order to make out this rule we muft ob- 
ferve, in the firft place, that there is a fpring or 
elaftical power in the air we live in ; by which I 
mean that our air either confifts of, or at leaft a~ 
bounds with parts of fuch a nature, that in cafe 
they be comprefled and thereby reduced into let- 
fer dimenfions, either by the weight of the in- 
cumbent part of the atmofphere, or by any other 
force, they endeavour as much as in them lies, 
to free themfelves from that preflure, and to re- 
gain their former dimenfions, by bearing againft 
the contiguous bodies that keep them in. This 
is what any one may obferve in a blown bladder; 
the air contained in it may by the g force of his 
hands be reduced into a leffer fpace, but then as 
foon as the force is removed, it will immediately 
expand itfelf as before, and you may perceive even 
* whilft you. comprefs it, a very great endeavour 
to free itfelf from the violence you offer to it* 

In the fecond place we may obferve, that this 
elaftical or expanfive power of the air is equiva- 
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lent to the force which comprcfles it ; for were 
it lefs, it would ftill yield to a further degree of 
compreffion, and were it greater, it would not 
fuffer itfelf to be fo much reduced, adtion and 
re-a&ion being always equal. It follows from 
' hence, that the elaftick power of any fmall par- 
cel of the air we breath, is equivalent to the 
weight of the incumbent part of the atmofphere, 
that weight being the force which confines it to 
the dimenfions it pofiefles. . Though this affec- 
tion may at firft view feem a paradox, yet, as 
was faid before, if the elafticity or fpring of this 
fmall portion of air, were, not fo great as the 
weight, of the incumbent part of the atmofphere, 
it would yield to that weight and permit itfelf 
to be confined in narrower bounds. 

In the third place we may take notice, that 
by a greater compreffion, the air is ftill reduced 
into lefler dimenfions, and on the contrary, its 
dimenfions are enlarged as its compreffion is di- 
minifhed. We cannot by any reafoning alone 
find out what fort of proportion the dimenfions 
bear to the compreffions. The Author of nature 
might have ordered thefe things otherwise than 
he has done by infinite variations; we muft there-* 
fore by experiments try what is the conftitution 
of nature. I defign therefore at our rjext meet-* 
ing to attempt this bufinefs, and I hope then to 
demonftrate, that the fpace which any propofed 
quantity of air at any time poffeffes, is recipro-* 
cajly as the force which compreffes it. 

When I fay the fpace is reciprocally as the 
force, I megn tjiat the fpace is diminifhed in the 
fame proportion in which the force is increafed, 

and 
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and increafed in the fame proportion in which the • 
force is diminifhed : thus a double force reduces 
the air into half the fpace, a triple force reduces 
it into a third part of the fpace it poffefled be- • 
fore ; fo half the force permits the air to expand 
itfelf into double the fpace, and a third part of 
the force permits it to expand itfelf into a fpace 
triple of that which it pofleffed before. 

Now the force of elafticity, being as I have 
already proved, equal to the force of comprek 
fion, it will follow that the force of elafticity is 
reciprocally as the fpace which the air takes up : 
which property I will at this time take for grant- 
ed, and proceed to make out the truth of our 
rule. 

In Fig. 33 and 34, let a e be the tube propos- 
ed, b c the altitude at which the quickfilver is to 
ftand, b d the ft&ndard altitude in the Torricellian 
experiment. The preffure of the atmofpherc 
upon the furface of the veflel below is, in the* 
Torricellian experiment, balanced by the column 
of quickfilver b d, or b c and c d together ; in 
our prefent experiment it is balanced by the 
weight of the column b c and the preffure down- 
wards of the air e c, contained in the top of the . 
tube, upon the upper furface c of the, elevated 
quickfilver ; which preffure arifes not from the 
weight of that included air, for that is altogether 
inconfiderable, but from its elafticity or endea- 
vour to enlarge its dimenfions, which it can no 
otherways do but by deprefling the quickfilver 
f b ; the weight of the columns b c and c d is ' 
therefore equivalent to the weight of b c and the 

elaftick 
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daftick force of the air c e, both being equivalent 
to the prefliirc of the atmofphere upon the fur- 
face of the veffcl. The weight of the column 
of quickfilver c d is therefore equivalent to the 
daftick force of the included air c e. 

Let ef be the fpace which that air in its na- 
tural ftate did poflefs, when it was firft lodged in 
the top of the tube, before it had depreffed the 
quickfilver to c, and by its fpring expanded itfelf 
to its new dimenfion e c. Its elaftick force whilft 
it was in its natural extent ef was equivalent to 
the preffure of the atmofphere, as has been al- 
ready proved ; and therefore equivalent to the 
weight of the column of quickfilver b d. 

Thus far then have we hitherto proceeded; we 
have found that the elafticity of the air in the fpace 
e c 9 is equivalent to the weight in c d i that the 
elafticity of the fame air in the fpace ef is equi- 
valent to the weight of b d; the elafticity in ef 
therefore is to the elafticity in e c as bd to dc. 

Now by the property of the air which I told 
you was to be proved to-morrow, that the elafti- 
city is reciprocally as the fpace, it follows that the 
elafticity of the air in ef is to its elafticity in e e, 
as the fpace e c to the fpace ef Therefore as b d 
is to d c, fo is e c to ef; that is, as the ftandard 
altitude in the Torricellian tube at the time of 
making the experiment, is to the defedt of the 
propofed altitude from that ftandard, fo is the 
length of the upper part of the tube which is to 
be left free from quickfilver after the inverfion, to 
the length of that part of the tube which is to be 
left free from quickfilver before the inverfion; 
6 and 
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and. this is what I undertook to make out {J>) % 
The fame rule will hold good with a fmalf alte- 
ration, if inftead of quickfilver we would com- 
bine 

(b) Fig. 33, 34.. Having ef to find ec or c b y is the, con- 
verfe of the foregoing proportion, and as the author obferved 
above, is to be foived analytically. 

By the allowed property of air, that its elafticity is reci- 
procally as the fpace it poffefles, we had e c : ef: : bd:dc 9 oz 
icx dc=:bdx ef-> which (hews that the queftion aj>- 
ftra&ly confidered, is only to find a point i, in a given line 
td produced^ at which the redangle under ct and cd % ih»U 
be equal to the given reftangle under b d and ef Now fince 
the fides ce> c d are related both alike to their difference de % 
and confequently both determinable by a like analyfis, it would 
be arbitrary to feek either of them rather than the other ; 
which intimates, that a Ampler and better way will be, to 
bife£fc their given difference de in g y Fig. 35, and, to feek 
their half fum g c. 

H ence we h ave* ce — tg-\-gd and edsscg—gd, and ce X 
£d=cg.-\-gdx cg—gd=2cg* — gd*=zbdxef by the condition 
of the problem: which gives this Theorem, 7p=£dP~{~M 
X ef, or, cg = Vgd* + bdxtf. 

We had an example in pag. 103, where i^/=30 inches, 
de = 5, and ef= 5. Here \d e or dgz=z 2.5. and, by the 
Theorem, c g = V 6, 25 -+- J 50 = 1 2.5 ; whofe difference 
c d = 10 and fum * * =r 1 5, and the column c b =r 20 inches. 

But inftead of the theorem for arithmetical computation, 
if a geometrical conftru&ion be defired ; in Fxc. 35, 36, to 
the ftandard altitude bd add db^zef and upon the diame- 
ter b b defcribe a femicircle bik, cutting in * a line dl drawn 
perpendicular to the tube 5 then bife&ing deing, and join* 
itygg h a circle defcribtd with the center g and femidiameter 
g /, will cut the tube in the point c where the furface of the 
column of ^quickfilver will. reft. 

Thi s will appear from the Theorem c g— gd> % -\- bdx efj 
—gd*-\-bdxdb by conftru&ion, in gd x -f- dt* by the 
known property of the femicircle £/*,==; gl 1 by the proper* 
ty of the right angled triangle, gdu 

But 
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bine water and air together in a tube of any pro- 
pofed length. We muft then fay as the ftandard 
altitude of the water in the Pafcalian experiment, 
which is commonly about 34 feet, is to the de- 
feft of that proppfed altitude of the water from 
the ftandard, fo is the length of the upper part of 
the tube which is to be left free from water after 
inversion, to the length of that part of the tube 
which is to be left free from water before inverfion. 
We may now go on to the experiment that 
was made at the top and bottom of the Obferva- 
tory, which affords us as fenfible an argument for 
the air's prefliire as can well be defired, and of 
the difference of that preffure at different alti- 
tudes (c). I. muft confefs I cannot fee any objec- 
tion 

But if a fynthetical demonftration be defired, let the circle 
€ i cut the produced tube in k, then bd x ef= bdxdhby con- 
ftru&ion = di* by the known property of the ,circle b i h % 
~dc x d k by the like property of the circle cik^~ dc*e c\ 
and by refolving the firft and laft re&angles into the propor- 
tion of their fides, we have ec : ef::b d: d c\ therefore, by 
the property of the air's fpring, the furface of the quickfilver 
will reft at c. 

The problem abftra&ly confidered, has two anfwers, be* .. 
caufe the circle ci k cuts the produced line de in two points ; 
whereof k has this property in our particular problem, that 
if the fpace e k be filled with a column of quickfilver, having 
a vacuum above it, its upper furface will reft at k y as that of 
the lower column does at c ; becaufe the fpring of the air in- 
cluded in the fpace ce 9 is equipollent to the weight of a co- 
lumn whofe length is t k or c d. 

(c) Fig. 37*. Having with a red hot iron burned a mode- 
rate hole lengthways through a cork, and fqueezed it hard 
into a glafs bottle, whofe bottom is covered with water about 
an inch deep ; and having run a glafs tube, open at both ends; 
through the hole in the cork, quite down into the water, and 
Covered the top of the cork with cement, to hinder the air from 
pafling by the fides of it j with your mouth applied to the top 

of 
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tion that may with the leaft degree of probability 
be urged againft it. I {hall not therefore go about 
to obviate any. What I think moft pertinent to 
obferve concerning it, is this, that we are not only 
from hence convinced of the weight of the air, 
but may hereby alfo determine the proportion of 
its fpecifick gravity to that of water. The differ- 
ence in height of the two places in which we made 
the experiment is 54 feet, and that difference in 
height caufed the difference of £ of an inch in the 
height of the water. By which it appears that a 
column of water of \ of an inch or 4* of a foot, is 
equiponderant to a column of air of 54. feet hav- 
ing the lame bafis. Therefore the gravity of 
water is to that of air, as 54 to A or as 864 to 1. 
We might have made with the Torricellian 
tube an experiment like this, to fliew the differ- 

of the tube, force feme air downwards into the water, till 
it rifes in bubbles above its furface, and increafes the quan- 
tity of air within ; whofe fpring, by preffing ftronger now 
than before on the furface of the included water, will raife 
it in the tube above the mouth of the bottle. Then hav- 
ing placed the bottle in any convenient veffel, and cover- 
ed it all over with fait or fand, to keep the included air of 
the fame temperature ; after the furface of the elevated wa- 
ter is quite fettled at any place of the tube, mark it by tying 
a thread about the tube or otherwife. Then having carried 
the veffel up to the higheft place at hand, you will find the 
water rifen higher in the tube, and refting above the mark : 
which plainly {hews that the preflure of the air upon the fur- 
face of the water* is now lefs than it was below-ftairs. For 
the air within the bottle being of the fame temperature as 
before, prefles by its fpring upon the included water with 
the fame force ; which being balanced in part by a column 
of water in the tube, now longer and heavier than the for- 
mer, muft have Its total balance made up by the weight of a 
lighter column of air incumbent upon the heavier column 
of water. 

ent 
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ent preflure of the air at different diftances from 
the furface of the earth, had the Obfervatory been 
much higher than it is. At the altitude of 54 feet 
the afcent of the quickfilver would be too fmall 
to ground any thing upon, being but about *V of 
an inch. It was therefore neceflary to make ufe 
of the contrivance you have feen, to fupply the 
defeat of fome very high mountain, upon which* 
had any fuch been near us, we might have ob-> 
ferved a fenfibie alteration even with the Baro- 
meter. Such an experiment was formerly made 
at the defire and by the direction of Mr. Pafcah 
in the year 1648, upon the Puy de Domme, a 
very high mountain in France. It was then ob- 
ferved that in afcending 3000 Paris feet, the qtiick^ 
filver in the tufbe fell down 3 inches and •£> of an 
inch* To reduae this to Englifh meafure, we 
may fay thai afcending 3204 Englifli feet, the 
height of the quickfilver was abated 3 inches and 
^cfan inch. Another experiment Kke tfhis wa$ 
made by Mr. Cafwell upon Snowdon Hill in 
Wales ; he found that the height of 3720 feet 
abated the quickfilver 3 inches and A. 

It may not be amift here to add the refult of a 
computation which I made. of the weight of all 
the air which preffes upon the whole furface of 
the earth. If this weight were to be expreffed by 
the number of pounds it contains, that number 
would be ib large as to be in a manner incompre* 
henfible. I will therefore make ufe of another 
way of exprefling it, by determining the diameter 
of a fphere of lead, of the fame weight with all 
the air which .preffes upon the whole furface df 

the 
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the earth; Now that diameter was found to be 
vety nearly 60 miles long. If any one has a de- 
fire to make this calculation after me, he may 
proceed upon thefe grounds. That the weight 
of a column of air reaching to the top of the 
atmofphere, is moft commonly equal to a co- 
lumn of water having the fame bafis, and the al- 
titude of 34 feet ; that the iemidiameter of the 
earth is equal to 20949655 feet, and that the 
fpecifick gravity of water is to that of lead as 
1000 to 11325. , * 



LECTURE IX. 

The denjity and fpring of the air proved, to be as 
the force which comprejfes it, and from hence, an 
enquiry is made into the limits and ji ate of the 
atmofphere. 

IT was proved yefterday that the air has a fpring 
or elaftical power, by which it conftantly en- 
deavours to expand itfelf ; and that the force of 
that fpring is always equivalent to the force by 
which the air is compreffed ; but we did at the 
fame time take for granted that the fpace which 
the air poflefTes is reciprocally as that force, and 
confequently its denfity direftly as the fame. Let 
us. now try by making experiment, whether the 
aflertion will hold true. The air may be either 
more rare or more denfe, than it is in that con- 
futation of it, which we commonly, but perhaps 
fomewhat improperly, call its natural ftate. We 
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will therefore by two different fets of experiments 
make our trials upon it, firft when it is more and 
afterwards when it is lefs expanded than as we 
ufually Breath it. 

Let a * in Fig. 33, be a tube hermetically leal- 
ed at the end e and open at the end a 5 placing 
the end e downwards, if we fill the whole tube 
with ■quickfilver excepting a certain fpace, which 
we leave to be poflefled by the air, then flopping 
the orifice a and inverting the tube, we permit 
the included air to afcend into the fpace ef 9 after- 
wards immerfing the end a into a veflel of quicks 
filver, we open the orifice, which was before 
clofed, the quickfilver will defcend to c, and the 
air ef will thereby expand itfelf into the fpace e c. 
Now if h d be the ftandard altitude in the Tor- j 
ricellian experiment, you may remember it was j 
yefterday proved that the force by which the air I 
was compreffed, whilft it was contained in the 
fpace ef was equivalent to the weight of the 
column of quickfilver b d ; and the force with 
which it was comprefled whilft in the fpace e c 9 
was equivalent to the Weight of the column of 
quickfilver dc> If then we find by making ex- 
periment that the fpace e c is conftantly to the / 
fpace ef as the force which comprefles the aijr 
in the fpace ef is to the force which comprefles 
the fame air in the fpace ec 9 that is, as the weight 
of the column b d to the weight of the column 
dc> or as the length b d is to the length dc, we 
may fafely conclude that the fpace which the air 
when rarefied poflefles», is reciprocally as the 
force which comprefles iu 

To 
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To examine alfo whether the fame proportion 
holds true for condenfed air, we may make ufe of 
a tube bent up like that in Fig. 38, whofe extre- 
mity n is fuppofed to be open, but g to be herme- 
tically fealed up. Pouring in then juft fo much 
quickfilver as will fill the bottom ik, fo as to (hut 
up the air ig from making its efcape, if the fur- 
faces of the quickfilver at / and k be both upon 
the level, we may conclude that the preffurc of 
the air ig upon the furface /, is equivalent to the 
weight of that part of the atmofphere which 
prefles upon k ; and therefore that the weight of 
a column of quickfilver of the ftandard altitude, 
is equivalent to the force which comprefles the 
air ig. After this if we pour in more quickfilver 
at n till it afcends in the longer leg to m, we (hall 
at the fame time perceive it to rife in the fhorter 
leg to b, and therefore the air which before did 
poflefi the fpace ig, will be condenfed and re- 
duced to .the fpace b g+ Now in this cafe it is 
evident that the force which comprefles the air 
into the fpace h g, is equivalent to the weight 
of the column of quickfilver /#*, befides the weight 
of a column of the ftandard altitude, if /be upon 
rile level with b. If then we find upon trial, that 
the fpace hg is conftantly to the fpace ig, as the 
fdrce which comprefles the air whilft it is con- 
tained in the fpace ig, is to the force which com- 
prefles the fame air whilft it is contained in the 
fpace bg, that is, as the ftandard altitude is to 
the ftandard altitude and the altitude Im together, 
we may alfo conclude, that the air when con- 
denfed does always poflefs i fpace which is reci- 
procally as the force which comprefles it. 

H 2 % Let 
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Let us try then whether the event will nearly 
anfwer what we expert, We may be certain 
there will be fome fmall difference after all the 
cautions we can poffibly take, unlefs the bores 
of the tubes ec and g /, Fig. 33, 38, be truly 
cylindrical, which feldom or never happens ; and 
the caufe of that difference which may arife is 
this, that we fuppofe the fpaces ef and e c, g i 
and g h to be to each other as their lengths, which 
fuppofition is erroneous unlefs the tubes be per- 
feft cylinders. 

Having yefterday made it appear from realbn, 
that the fpring or elaftick power of the air is as 
the force which compreffes it, and having this 
day, as far as the unavoidable irregularity of tubes 
would permit us, {hewn by feveral experiments 
that the denfity is alfo as the faid force, the fpace 
it poffeffes being always reciprocally as that force; 
we are now furnifhed with fufficient data to make 
our enquiries concerning the limits of the atmo- 
fphere, and to determine its ftate, as to rarity, at 
different elevations from the earth's furfatce. 

If the air were of the fame confiftence as to its 
rarity or denfity at all altitudes, it would be nd 
difficult thing to fet bounds to it. We colle&ed 
from the experiment which was yefterday made 
at the top and bottom of the Obfervatory, that 
the fpecifick gravity of water is about 850 times 
greater than the fpecifick gravity of air (which 
thing will hereafter be further examined by an 
experiment particularly fitted for that purpofe) 
and in the foregoing week we found by the hy- 
droftatical balance, that quickfilver is about 14 
times heavier than water ; it follows then of con- 

fequence 
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fequence that quickfilver is 14 times 850 degrees 
heavier than air, that is, 1 1900 times heavier. 
We have feen by the Torricellian experiment, 
that a column of quickfilver of 29 \ inches is u- 
fualiy a counterpoife to a column of air, having 
the fame bafe and reaching to the top of the at- 
mofphere ; if therefore the air be every where of 
the fame denfity as it is here below, its altitude 
ought as many times to exceed the height of 29 4- 
inches (which is fhe height of an equiponderant 
column of quickfilver) as its fpecifick gravity 
falls fhort of the fpecifick gravity of quickfilver ; 
that is, the height of the atmofphere ought, up- 
on the fuppofition of an every where uniform 
denfity, to.be 11900 times 29I inches, or fome- 
what above 5 4. miles. 

But it may be eafily proved that this fuppofi- 
tion does in no wife take place. For fince every 
region of the air is compreft by that part of the 
atmofphere which is fuperior to it, and fince the 
higher parts have a lefler weight incumbent: upon 
them than the lower, and fince the denfity of the 
air is every where as the force which comprefles 
it ; it will follow of neceflity that there is ftill a 
greater rarity of the -air as it is further diftant 
from the furface of the earth. How far the air 
may poflibly admit of rarefaftion and condenfa- 
tion, has not yet, that I know of, been determin- 
ed by any one. Mr. Boyle has obferved that it 
may be fo dilated as to become 1 0000 times rarer 
than it is in its natural ftate. Dr. Halley fays that 
he himfelf has fccn air comprefled fo as to be 60 
tinjes cjenfer than it is as wc commonly breath it; 
H 3 and 
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and Monfieur Papin relates that he was a witnefs 
that Monfieur Huygens did once in a glafs veffel 
comprefs air to the fame degree before the glafs 
was broken ; yet never could any experimenter 
determine how much farther air might poffibly 
be rarefied or condenfed. However it is certain 
there are in nature fome limits which pannot be 
exceeded. No condenfation can reach fo far as 
to caufc a penetration of parts ; and if the rare* 
fa&ion of the air be ftill greater, as its diftance 
from the furfaceof the earth increafeth, its fpring 
will at length be fo weakened, that the force 
with which every particle of it endeavours to 
tend upwards, from the. particles which are next 
below it, will be weaker than the force of its 
own gravity which endeavours conftantly to de^ 
tain it. The rarefa<ftion of the air rauft there- 
fore be bounded where thefc two oppofite forces 
come to balance each other. 

Though this be certainly true that the air 
cannot poffibly expand itfelf beyond a certain 
meafure upon account of its gravity, yet fince 
men have not hitherto been able to fet any 
bounds to its utmoft expanfion, it is equally 
certain, that we cannot poffibly define the limits 
of the atmofphere. For as the air may be more 
and more rarefied, fo will the fame quantity 
of it, which equals the weight of about 30 
inches of quickfilver, be contained in a greater 
fpacc, and thereby thofe limits be fo much th$ 
wider. 

Notwithstanding this feeming difficulty, w$ 

may ftill colled: how much th? air i? rarefied at 
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any propofed altitude from the furface of the 
earth, after the following manner. 

In Fig. 39, let xaxx reprefent a veffel reaching 
from the furface of the earth ax to the top of the 
atmofphere x; and let us imagine the fide ax 
divided into inches ab, be, cd, &c. and let the 
lines bk y cl, dm, &c. be drawn parallel to ax. Jt 
is .evident that the air contained between bk and 
cl, is rarer than the air contained between ax 
arid bk, the former having a leffer column of air 
xclx incumbent upon it than the column xbkx, 
which prefles upon the latter. Upon the fame 
account the air between cl and dm is rarer than 
that between bk and cl, and that between dm 
and en rarer than that between cl and dm ; and 
thus every fuperior inch is rarer than that be- 
low it. 

Let us now foppofe that every inch of air is 

. in all parts of it of an equal denfity, or that the 
air ok is every where uniform, but denfer than 
the air bl y which is alfo fuppofed to be every 
where uniform, but denfer than cm, and that to 
be uniform itfelf, bat denfer than dn, and lb on- 
wards. 

Again let us fuppofe that the air bl is reduced 
to a Teller fpace bq> fo as to become equally denfe 
with the air ak, which is done by making the 
fpace bq leffer than bl, in the fame proportion that 
the air bl is lefs denfe than the air ak ; after the 

• fame manner let the air cm be reduced to the 
fpace cr, and the air dn to the fpace ds, and fo 
onwards, that thus every inch of air may be re- 
duced to the lame confidence with the air ak. 

H 4 Now 
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Now it is evident from this conftru&iofc, that «* 
the fpaces ak, bq, cr, ds, &c. will every where fe$ • 
as the denfities refpe&ively of the feveral inches 
of air, ak, 61, cm, dn ; and it is alfo evident, thdfr 
the quantity or weight of the air which reaches- 
from any one of thofe fpaces up to the extremity 
of the atmofphere, will every where be as the 
fum of all the fpaces which are fituated above 
the fpace propofed. Thus the quantity or t|^e 
weight of air above the fpace ak, will be as the 
fum of the fpaces 6q, cr, ds, et, fv, &c. and the 
quantity or weight of air above the fpace cr, will 
be as the fum of the fpaces ds, et,fv> &c. For 
the air being every where reduced to the fame 
confiflence> the quantity or weight of it will be 
as the fpace it poffefles. 

Thefe things being laid down I may now withr 
out much difficulty proceed to eftab'lilh the con- 
clufion 1 aim at, which is this ; That if any 
number of diftances from the furface of the earth 
be taken in aii arithmetical progreffion, the den- 
fities of the air at thofe diftances will be> in a 
geometrical progreffion. 

For fince by the experiments which have this 
day been made, it appears that the denfity of the 
air is always as the force which comprefles it, w$ 
muft conclude that the denfity of the air at any 
diftance from the furface of the earth, is as the 
quantity or weight of that part of the atmofphere 
which is above it. Therefore in pur fcheme, the 
denfities of the air between a& and 6k, bk and cl, 
cl and dm, &c. are to each other refpedtively as 
the quantities of air above ax, 6k, cl, &c. up to 
"" * the 
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Jhft extremity of the atmofphere. But we faw be- 
fore that thofe densities were as the fpaces ak, bq, 
cr^ &c. rcfpe&ively, and thofe quantities of air 
reaching to the extremity of the atmofphere were 
as the fpaces xb&qrstvx, xcyrstvx, xdhtvx re- 
fpeftiwly ; it follows then that the fpaces ak, bq 9 
fr. are to e$ch other refpeftively as the fpaces 
yb&qrst'ux, xcyrstvx, xdlstvx. 

Now the former fpaces ak y bq 9 cr, are the differ- 
enqes of the latter, and it is well known to thofe 
who uncjerft^nd any thing of the nature of pro- 
portions, when any fet of quantities are to each 
other refpedtively as their differences, that then 
3$ \yell the quantities themfelves, as their differ- 
ences, are in a geometrical progreflion (aj. 

The fpaces ak, bq, cr, are therefore in a geo- 
metrical progreflion, as the diftances ab, ac, ad arc 
in an arithmetical progreflion. And as the denfi-. 
ties of the air belonging to thefe three firft inches, 
are in a geometrical progreflion, fo do the den- 
fities of the air belonging to every one of the 
pther inches, which are fuppofed to be continued 
up to the extremity of the atmofphere, decreafe 
in the fame geometrical progreflion, as any one 
'Without jdifliculty may collect by the fame way 
pf reafoning. 

I have hitherto fuppofed for eafe of conception, 
that the air is of the fame denfity in every part of 
pach inch of altitude ; neverthelefs it is certain 
fhat every the lead variation of altitude caufes a 

(*) Suppofe a : a — b :: b : b — c : :c : c — d\\ &c. then 
cohverfely we have a : b : : b ; c : : c : d : : &c. 

variation 
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variation of denfity in the air. The conclusion 
however will not hereby be difturbed $ for if ift- 
ftead of dividing the altitude of the atmofphefe 
into inches as before, we conceive it now to be 
divided into its moft indefinitely minute parts, 
applying to thefe what we have faid above con- 
cerning the inches, wefhall at length deduce the 
fame geometrical progreflion of denfities anftver-* 
ing to a like progreflion of altitudes. 

Now becaufe the rarity of any body is reci- 
procally as its denfity, we may alfo conclude 
that, as the diftances from the furface of the earth 
do increafe in an arithmetical progreflion, fb do 
the different degrees of rarity of the air increafe 
in a geometrical progreflion. 

This property of the air was firft, that I know 
of, obferved by Dr. Hat/ey, but becaufe his de- 
monftration cannot be underftood by thofe who 
are unacquainted with the nature of the hyperbo- 
lick line, and Dr. Gregory in his demonftration of 
the fame thing, which may be feen in the fifth 
book of his Aftronomy, fuppofes his reader to be 
fumifhed with fo much geometry as not to be ig- 
norant of the properties of the logarithmick line, 
I have endeavoured to make the thing intelligible 
by a method which may be eafy even to thofe 
who have never meddled with curvilinear figures. 

Let us fee now what help we have from this 
property, to determine how much the air is really 
rarefied at any propofed elevation from the fur- 
face of the earth. 

Since the elevations are the terms of an arith- 
metical progreflion as the rarities are the terms of 

a geo~ 
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a geometrical, it follows that the elevation is every 
'Vvhere proportionable to the logarithm of the ra- 
rity. If then by experiment we can poffibly find 
the rarity of the air at any one elevation, we may 
by the rule of proportion find what is the rarity 
at any other propofed elevation : by faying, as the 
elevation at which the experiment was made, is 
to the elevation propofed, fo is the logarithm of 
the air's rarity which was obferved at the eleva- 
tion where the experiment was made, to the loga- 
rithm of the air's rarity at the elevation propofed. 

Thus I colle&ed from the celebrated French 
experiment at the Puy de Domme, which I yefter- 
d^y gave you an account of, that at the altitude 
of 7 miles the air is fomewhat above 4 times 
rarer than at the furface of the earth. By the 
fame method I colledted from the experiment of 
Mr. CafwelU made upon Snowden Hill, that at 
the fame altitude of 7 miles the air is not altoge- 
ther fb much as 4 times rarer than at the fur- 
face -, the difference on both fides was incon- 
fiderable. We may take a mean therefore and 
fay in a round number, that at the altitude of 7- 
miles the air is about 4 times rarer than at the 
furface of the earth. 

Sir Ifaac Newton in his late additions to his 
Op ticks, makes ufe of this very proportion (bj, 
what grounds he went upon is difficult to guefs, 
however I am fatisfied of the conclufion from my 
pwn computation. Now from what has been al- 

(£) In the laft edition he makes it 4 times rarer at the 
height of 7 -J miles, and 16 times rarer at 15 miles, and fo 
pii, but gives no reafon for this alteration, 
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ready proved, that the rarity of the air is aug- 
mented in a geometrical, as the altitude is. aug- 
mented in an arithmetical progreflion, it follows 
that every feven miles added to the altitude, does 
always require a rarity of the air ftill 4 times 
greater. Therefore at the altitude of 14 miles 
the air is 16 times rarer than at the furface, at 
the altitude of 2 1 miles it is 64 times rarer, at the 
altitude of 28 miles 256 times, at 35 miles 1024 
times, at 70 miles about a million of times, at 
140 miles a million of million of times, at 210 
miles a million of million of millions of times, 
if the air can poffibly expand itfelf to fo large 
dimenfions. 

Hence we may eafily gather that the air at the 
altitude of 500 miles, if the atmofphere can reach 
fojfar, muft neceflarily be there fo much.rarified, 
that if a globe of the air we breath in, of an inch 
diameter, were as much dilated, it would poflefs 
a larger fpace than the whole fphere of Saturn. 
The femidiameter of the earth is nearly 4000 
miles, which is 8 times 500 miles ; with good 
reafon then might that excellent philofopher I 
have lately been mentioning, tell us in his Prin-* 
cipia, that the air at the altitude of a femidiameter 
of the earth, is at leaft fo wonderfully rarefied as 
I have defcribed it to be at an altitude 8 times lefs. 

It appears from the obfervations of aftronor- 
mers of the duration of twilight, and of the mag- 
nitude of the terreftrial fhadow in lunar eclipfes, 
that the effe<3 of the atmofphere to refled and in- 
tercept the light of the fun, is fenfible even to the 
altitude of between 40 and 50 miles. So far theij 
yie may be certain that the atmofphere reaches, 

and 
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and at that altitude wc may collcdfc, from what 
has been already faid, that the air is about 10000 
times rarer than at the furface of the earth. How 
much farther than this altitude of between 40 
and 50 miles the atinofphere may be extended, 
I muft confefs I am altogether ignorant, there 
being no data, that I know of, from which a 
greater altitude may indubitably be concluded. 
» There has indeed been often feen in the atmo- 
fphere fome very luminous parts, even near the 
zenith about midnight, but I dare not conclude 
any thing from fuch appearances. If I fhould af- 
fert, as fome have done, that thefe luminous parts 
are nothing elfe but fome terreftrial exhalations 
floating in the air at a prodigious altitude, and 
thereby reflecting the light of the fun, which they 
are expofed to at that great height, to our eyes, 
it will be next to impoflible to give any tolerable 
account, how thofe exhalations can be denfe 
enough to refledl fo copious a light at that vaft 
diftance, and at the fame time be fupported by a 
medium, I may fay almoft infinitely rarer than 
the air we breath in. It feems more probable 
that thefe extraordinary lights proceed from fome 
jfelf-fhining fubftance or aerial phofphorus. 

A furprifing appearance of this kind was feeft 
here at Cambridge about 10 of clock at night, 
and ,at other very diftant places, on the 20th of 
March in the year 1706. It was a femicircle of 
light, of about two thirds of the ordinary breadth 
of the milky way, but much brighter. The top 
of it pa(Ted very near our zenith inclining about 
4 or 5 degrees to the north ; it crofted the hori- 
zon at a very (mall diftance from the weft to- 
r wards 
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wards the fouth, and again about as far from the 
$aft towards the north. It was moft vivid and beft 
defined about the weftern horizon, and moft faint 
about the zenith, where it firft began to difappear; 
there was at the fame time an Aurora borealis. A 
friend of mine faw the fame appearance in Lin- 
colnshire, at the diftance of about 70 miles north 
of Cambridge ; the femicircle feemed to him to 
lie in the plane of the aequator. From thefe two 
obfervations compared together it is eafy to col- 
left, that the matter from which that light pro- 
ceeded, was elevated above the earth's furface be- 
tween 40 and 50 miles. 

Having now finished what I defigned to repre- 
fent concerning the limits and different degrees of 
rarity of the atmofphere at different altitudes, I 
might here conclude; but becaufe it may poflibly 
be expedted I fhould add fomething in this place 
concerning the caufe of the air's elafticity, upon 
which thefe deductions were grounded, it may 
not be amifs to declare here, that of all the feveral 
hypothefes which haw hitherto been fuggefted 
for this purpofe, that of Sir Ifaac Newton feems 
to me to he the moft probable. He has demon- 
ftrated in his fecond book of his Principia, that if 
the particles of the air be of fuch a nature as to 
recede from each other with centrifugal forces 
reciprocally proportionable- to their diftances, 
they will compofe an elaftical fluid whofe denfity 
will always be as the force which compreffes it; 
and any one who reads the late additions to his 
Opticks will perceive that that hypothefis is not 
advanced without reafon. 

LECTURE 



LECTURE X. 

*fhe effeBs of the weight and fpring of the air in 
fyringes, pumps, fphons, polijhed plates, cuppings 
glajfes, futfion, refpiration 9 &c. 

I HAVE hitherto been proving that the air has 
weight, and confequently preffes upon all bo- 
dies to which it is contiguous. We have found 
that at the furface of the earth, the preffure of 
any column of air is equivalent to the weight of 
a column of quickfilver having the fame balls 
and its altitude of about 294 inches ; or 10 the 
weight of a column of water, having the fame 
bafis and its altitude about 34 feet 3 that the. 
preflure is leflened always as the elevation from 
the furface of the earth becomes greater ; that 
the air has alfo an elaftical power, by which it 
endeavours as far as is poflible to expand kfelf ; 
that this elaftical power of the air is equal to the 
force which comprefles it; that the fpaceitpof- 
feffes is always reciprocally as that force, and con- 
fequently its denfity directly as the fame; that the 
degrees of denfity of the atmofphere are different 
at different altitudes, the air being ftill rarer as 
the altitude is greater ; that the rarity of the air 
increafes in a geometrical progreflion as the alti- 
tudes increafe in an arithmetical one, the air at 
every 7 miles of height being always 4 times more 
rare than before. 

Let us now come to thofe effedts of the preffure 
of this fub tie fluid, whether caufed by its weight 
or fpring, which were formerly thought to pro- 
ceed 
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ceed from that abhorrence which they fay nature 
ever has of a vacuum. Amongft thefe we may 
reckon the phenomena of fyringes, pumps, 
fiphons, polifhed plates, cupping-glaffes, fu&ion, 
refpiration and others of the like nature. Mr. 
Pafcal in his little French treatife concerning the 
gravity of the air, has given us a very good ac- 
count of thefe things. I (hall therefore for the 
mod part make ufe of his explications, fince it 
would be needlefs to go about to make new ones. 
His method is this, he firft recites the principal 
effe&s which were wont to be afcribed to * fuga 
vacui, and afterwards (hews that they proceed 
from the preflure of the air. 

Firft then a pair of bellows whofe vents are all 
well clofed up, are difficult to be opened ; as we 
attempt to do it we perceive a refinance as if the 
fides were glued together. After the fame man- 
ner the fucker of a fyringe, which is flopped at 
the bottom, refifts the force we apply to draw it 
out, as if it were fome way faftened to the bot- 
tom. It is pretended that this refiftance proceeds 
from the abhorrence which' nature has of a 
vacuum, which would happen in both cafes, if 
the fides of the bellows were disjoined, or the 
fucker of the fyringe drawn out. That opinion 
is confirmed by this, that the refiftance ceafes as 
foon as the air is permitted to enter. 

Secondly two polifhed bodies applied together 
are difficult to be feparated and feem to adhere to 
each other. It is pretended that this adherence 
proceeds from the like abhorrence of a vacuum, 
which would happen during the time which the 
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air would take up in coming from the edges to 
the middle. 

Thirdly when the pipe of a fyringe is immerf- 
fcd in a veflel of water, if you draw up the fucker 
the water will follow it and afcend as if it did ad* 
here to it. Thus in a pump which is a longer 
fyringe, the water afcends and follows the fucker, 
being raifed up in the fame manner. It Is pretend- 
ed that this elevation of water proceeds from the 
endeavours of nature againft a vacuum, which 
would happen in the fpace deferted by the fuck- 
er, if the water fliould not afcend, fince the air 
is excluded; which is confirmed by this, that 
the water will no longer afcend if the engine 
has any leaks fo as to admit the air to come in. 

After the fame manner if you place the nofe of 
a pair of bellows under water, and open it fud- 
denly, the water will afcend to fill it, becaufe the 
air cannot, and the experiment will fucceed the 
better if the bellows be entirely clofed up. Thus, 
placing your mouth under water and fucking, 
you may attract the water for the fame reafon $ 
for the lungs may be compared to a pair of bel- 
lows. Thus in refpiration we draw in the air, 
juft as a pair of bellows by being opened attrafts 
the air to fill up its cavity. Thus if you place a 
lighted piece of paper in a glafs, and fuddenly in- 
vert it into a veffel of water, as the flame de- 
creafes fo will you fee the water afcend into the 
glafs ; for the air in the glafs being rarefied by 
the flame, when it afterwards comes to be con- 
denfed by the cold water, upon contracting its 
dimenfions it will draw up with it fome of the 
water to fill the fpace it has deferted. Thus do 
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cupping glafles draw the flefh and caufe a fwell- 
ing ; for the air in the cupping glafs being rare- 
fied by heat, when it comes again to be condenf- 
ed after the flame is extinguished, it draws in 
the flefh to fill up the fpace it has deferted, as 
before it drew in the water. 

Fourthly if you fill a bottle with water, and 
invert the neck of it into a veflel filled with 
other water, the water will remain fufpended in 
the bottle without falling out. It is pretended 
that this fufpenfion proceeds from zfuga vacui** 
for. there would neceflarily be a left a void fpace 
if the water fhould defcend, fince the air cannot 
come in to fill it up ; which they confirm by 
this obfervation, that if the air be fuffered to en<* 
ter by fome hole the water will immediately fall 
down. 

Fifthly if a fiphon be filled with water and its 
legs be immerfed into two different veflels of 
water, it will come to pa£s, if one of the veflels 
be higher than the other, that the water con- 
tained in the higher will afcend to the top of the 
fiphon, and then defcend into the lower veflcl, fo 
that if you continually fupply the higher veflfel 
with water, the flux will be perpetual. It is 
pretended that this elevation of water is to be 
afcribed to the endeavours of nature to hinder a 
vacuum , which would happen within the fiphon, 
if the water contained in thofe two legs fhould 
defcend each into its veflel below ; which ac- 
tually comes to pafs when the air can come in at 
the top of the fiphon through fome hole. 

Many other effeds there are of the like nature, 
which have been omitted as. being nearly the fame 
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with thofe already described* in all of them there 
appears nothing more than this, that all contigu- 
ous bodies refift any effort made to feparate them, 
when the air cannot fucceed them ; whether that 
effort be their own proper weight, as in the ex- 
amples where water afcends and remains fufpended 
potwithftanding its weight; or whether it proceed ' 
from fome force applied to difunite them, as in 
the firft example. Such effedts as thefe have com- 
monly been afcribed to *fuga vacui, let us now 
fee how they depend upon the prefTure of the air* 
To explain how the prefTure of the air is the 
caufe of that difficulty we perceive in opening a 
pair pf bellows, whilft the air has no ingrefs > 
Mr. Pqfcal puts bis reader in mind of what he 
had before been difcourfing of, in his other treatife 
concerning the {equilibrium of liquors, that if a 
pair of bellows whofe pipe is 20 feet long or more 
be placed in a deep yeuel filled with water, fo that 
the end of the pipe be above the furface of the 
water, it will be very difficult to be opened, and 
by fo much the more as the altitude of the water 
above the fides of the bellows is the greater; which 
proceeds manifeftly from the weight of the fupe- 
rior water • For before any water be poured into 
the vefTel, there is no difficulty in opening the bel- 
lows, but as more and more water is poured in, 
the refinance is continually augmented, and is al- 
ways equivalent to the weight of the water which 
is fupported. For as no water can eijter into the 
cavity of the bellows, the orifice of the pipe being 
above, the furface, it is evident that the fides can- 
not be disjoined without railing, and fuftaining 
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the fuperior mafs of water. Now no body can 
"here fay that this refiftance proceeds from zfaga 
vacui, fince the air has a free pafTage into the ca- 
vity by the orifice of the pipe which is above the 
water j it is abfolutely certain therefore, that it 
depends entirely upon the weight of the water. 

What has been here faid as to the weight of 
the water, may be applied to any other fluid ; for 
if the bellows be placed in a vefTel filled with 
wine, there will be the like refiftance, and the 
fame may be faid as to milk, oyl, quickfilver, or 
any other fluid whatever. It is then a general 
rule and a neceflary efFedl of the gravitation of 
fluids, that if a pair of bellows be placed in any 
fluid whatever, fo that the fluid have no accefs to 
the cavity of the bellows, the weight of the fu- 
perior parts of the fluid will caufe a refiftance to 
the opening of the bellows. If therefore we ap- 
ply the general rule to the air in particular, we 
may fay that when a pair of bellows is fo ftopt 
as to leave no ingrefs to the air, the weight of 
the fuperior mafs of air will caufe a refiftance in 
opening the bellows, which refiftance will ceafe 
as fbon as the air is permitted to enter. 

What has been faid as to this eflfedt will hold 
good as to others, in which I may be the more 
-iuccinft, having enlarged already fo much upon 
this. It has been already fhewn in the former 
week that the preflure of any fluid may produce 
effedts analogous to thofe of the fyringe, pump, 
liphon and poliftied plates, and the applicatioa 
was at the fame time made to the air ; I need not 
here therefore infift upon them any longer. That 
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would alfo have been the proper place for this 
experiment of the bellows under water, could it 
as eafily have been made as defcribed. However 
the description of it. may ferve at leail to illus- 
trate the conclufion upon whofe account it was 
propofed by its ingenious author. For it cannot 
but be evident to any one who is at all acquainted 
with hydroftaticks, that the event muft needs 
anfwer the defcription that has been given of it. 

The fame thing alfo may be faid of the fol- 
lowing experiment or inftance propofed by the 
fame perfon to illuftrate the effect of cupping 
glaffes. He fuppofes that a tube of about 20 feet 
in length open at both ends, has one end which 
enlarges itfclf like the mouth of a funnel, ap- 
plied to a man's thigh at a confiderable 4epth 
under water, fo as to hinder the water from pref- 
fing upon that part alone of the thigh which is 
included within the orifice of the tube, to which 
the air neverthelefs has a free accefs by the other 
end of the tube which is above the furface of the 
water. In this cafe, fays he, it will come, to 
pafs, that ti^e part included within the lower 
orifice of the tube, will be confiderably fwelled 
out as if fomething fucked it in that place. Now 
it is plain that this fwelling can by no means be 
faid to proceed £rom, a fugavacui, fince the tube 
is open to the air, and no fuch thing would hap- 
pen if there were not any, or but very little, wa- 
ter to prefs upon the reft of the body. It is 
therefore moft certain that this efFeft depends 
purely upon the gravitation of the . water ; for 
whilft it preffes upon all other parts of the body 
excepting that alone which is covered by the tube, 
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. to which it has no accefs, it forces the blood and 
Other yielding parts to arife where there is not fo 
great a preffure, and thereby caufes the fwelliflg. 
What has been faid as to- the preffure of wa- 
ter will hold true as to the preffure of any other 
fluid ; and therefore the preffure of the air may 
caufe alike fwelling, if it be greater upon the 
other parts of the body than upon that to which 
the cupping glafs is applied, as it certainly is. 
For the air within the cupping glafs being very 
much rarefied, and confequently in part expelled 
by the heat, when it comes again to its ufual tem-^ 
per, its fpring will be very much debilitated, and 
therefore it will prefs lefs forcibly againft thQ 
part of the body under the glafs, than the ex- 
ternal air upon the other parts of the body. 

I need not now ufe many words to explain 
how it comes to pafs, when any one places his 
mouth under water and fucks, that the water 
afcends; for it is clear that the external air 
preffes upon every part of the furface of the wa- 
ter, excepting that which is covered by the 
mouth ; and iience it happens, tljat when the 
muffles ferving for refpiration, elevate the ribs 
jtnd enlarge the capacity of the cheft, the air 
within having a greater fpace to fill than before* 
hath lefs force to hinder the entrance of the wa- 
ter into the mouth 4 than the external air ha$ to 
promote that entrance* This alfo is the caufe 
of th$ attraction or fuftion of any liquor by ^ 
tube, and it differs very little from the effefl; of 
the fyringe. Thus a fucking child at the breaft 
of its nurfc, draws in its milk 5 the external air 
prefling the breafts 9 f the nurfe on all parts. ex-> 
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cepting that which, is covered by the child's 
mouth. Upon the fame account in refpiration 
the air enters into the lungs ; for as the cheft is 
dilated, fo is the external air forced in by the 
weight of the fuperior part of the atmofphere ; 
which is fo intelligible, fo eafy and natural, that 
one would wonder that philofophers (hould ever 
have had recourfe to *fuga vacui, to occult qua- 
lities, to caufes fo foreign And chimerical. 

Thus may all the other effe&s which were 
once afcribed to %.fuga vacui, be (hewed to' de- 
pend upon the preflure of the air, as cannot but 
be evident to thofe who underftand the princi- 
ples of hydroftaticks, and are fatisfied that the 
air is a gravitating fluid ; which thing I hope I 
have already proved, and (hall hereafter further 
confirm. But as the weight of the air is not in- 
finite, but limited by certain bounds, fo are the 
efiedts depending thereupon alfo limited. Thus 
water cannot by a pump be raifed to any propofed 
altitude. We know that a column of water of 
about 34 feet in altitude, is commonly a counter- 
poife to the preflure of the atmofphere; that there- 
fore is the utmoft height to which the air in its ' 
mean ftate of gravity can elevate the water in a 
pump. If the air happens to be more than or- 
dinarily heavy, the water will afcend fomething 
higher, but fcarce ever more than 36 feet. If 
the air be more than ordinarily light, the water 
will not come up to 34 feet, neverthelefs the 
air is feldom fo light as not to be able to bear up 
water fo far as 32 feet. 

If the operation of the pump did depend upon 
the fma vacui, as it was commonly believed be- 
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fdrc QdRldos time, then it would follow that wa- 
ter might be raifed to any altitude how great fo- 
ever ; tor why fhould not nature have as great an 
averfion againft a vacuum in one cafe as in ano- 
ther ? And accordingly feveral who embraced that 
notion,- have very confidently afler ted, though they 
never made the experiment, that it might be raifed 
ad libitum. But Galilao obferving that there was 
a certain ftandard altitude, beyond which no wa- 
ter could be eleVated by pumping, took an occa- 
fion from thence to call in queftion the dodrine 
of the fchools concerning the fuga, which began 
from that time to be very much fufpe&ed, and in 
the room thereof he happily fubftituted the hy- 
pothesis of the air's preffure and gravitation. It 
was to him indeed little better than an hypothefis, 
Jirice it had not then thofe confirmations from ex- 
periments which were afterwards found out by 
his fcholar Torricellius and other fucceeding phi- 
lofophers, particularly our excellent Mr. Boyle. 

What has been faid of pumps may be alfo ap- 
plied to fiphons. It was formerly looked upon as 
unqueftionable, that water might be. conveyed 
over the higheft mountains by the help of this in- 
ftrument, if the place into which it was to be dif- 
charged,werebut lower than the pi ace from whence 
it was derived. We are now certain of the contrary 
by experiments made more than once: 34 feet is 
commonly the utmoft height to which water can 
rife as well in fiphons as in pumps. In qnickfilver 
the utmoft altitude is lefs, being commonly about 
29 4 inches, 29 £ inches of quickfilver and 34 feet 
of water being a counterpoife to the preffure of 
the atmofphere, upon which thofe effects depend. 
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I will add but one inftance more concerning 
poliftied plates ; as their cohefion depends upon 
the limited preffure of the air, fo is the force re- 
quifite for their feparation alfo limited, and may 
be thus computed. Since the force requifite for 
their feparation itiuft be equal at leaft to the force 
which caufes their cohefion, that is, to the pref- 
fure of the air, and the preffure of the air upon 
any bafis is equal to the weight of a column of 
quickfilver having the fame bafis and the altitude 
of about 29 ^ inches, it follows that the force re- 
quifite to feparate the plates, ought to be equal at 
leaft to the weight of a cylinder of 294^ inches al- 
titude, having the area of the plates for its bafis. 
By calculating upon thofe grounds, I find that the 
force requifite to feparate our larger marble plates, 
is equal to about one hundred weight and 4 ; and 
the force requifite to feparate the leffer brafs 
plates amounts nearly to 73 pounds weight ; and 
this upon fuppofition that they are perfeftly well 
poltihed and fo fitted together that no air can in- 
tervene. But as they want of that perfection, fo 
will a leffer force be fufficient to disjoin them* 

LECTURE XL 

The pbanomena of capillary tubes 9 glafs planes y the 
figures of the fur/aces df fluids and other things 
relating to the fame heady conjidered. 

WE are now upon a fubjedt abounding with 
difficulties, which has in vain been at- 
tempted by feveral modern philofophers. Many 
hypothefes they have invented to account for thefe 

odd 



• i j3 7%e phsenomtna of Left* 

odd appearances, which if thoroughly examined 
will be found to be but bare hypothefes, and in 
many particulars inefficient. It has been gene- 
rally believed, that the unequal preflure of the air • 
upon the liquor contained in the tube and that in 
the veflel, is the caufe of the afcent in the tube. 
For if the preflure upon the liquor in the tube be 
lefs than tnat upon the veflel, the liquor ought to 
afcend fo far in the tube, that itsr own weight to- 
gether with the weaker effort of the air incum- 
bent upon it, be equal to the free and unreftrained 
. gravitation of the atmofphere upon the veflel. 

Though they have generally agreed in this, that 
there is a kfler preflure of air upon the liquor in 
the tube than upon that contained in the veflel, 
yet the caufes they have afligned for that inequa- 
lity are very different. Some have had recourfe 
to the magnitude of the particles of the air and 
of die afcending fluid. Others have believed, that 
only an inverted cone of air, touching the furface 
of the liquor in the tube with its vertex, and hav- 
ing the upper orifice of the tube for its bafis, 
could prefs upon the furface contiguous to its ver- 
tex. Dr. Hook fuppofes part of the preflure of the 
air in the tube, to be taken off by its fridtion, 
which he fuppofes muft neceflarily happen againft 
the fides rn fo narrow a paflage* Other conceits 
there are which I have omitted, being more con- 
cerned to find out, if I can, what is the truth, 
than to enumerate the groundlefs Fancies of thofe 
who feem to me to have miffed of it. 

Dr. Hook's hypothefis has indeed thefaireftfhew 
of probability, and accordingly it has been received 
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with great applaufe. It may therefore be worth 
while to give an account of it, and to examine af- 
terwards whether it be fuch as we may acquiefce 
in. That there is an inequality of preflure he en- 
deavours to make out from hence, that there is a 
much greater incongruity of air to glafs and fome 
other bodie6 than there is of water to the fame. 
By congruity he means a property of the fluid 
body, whereby any part of it is readily united with 
any other part, either of itfelf or of any fimilar 
fluid or folid body; and by incongruity, a pro- 
perty by which bodies are hindered from uniting 
with any diflimilar body. Thus, not to mention 
feveral chymical fpirits and oyls, which will very 
hardly, if at all, be brought to mix with one 
another, if we obferve the drops of rain falling 
through the air, and the bubbles of air which are 
by any means conveyed under water, or a drop 
of fallad-oyl fwimming upon the water, we can- 
not be to feek for inftances of the incongruity of 
fluids amongft one another. And as for the con- 
gruity or incongruity of liquids with feveral 
kinds of firm bodies, they have long fince been 
taken notice of and called by the names of dry- 
nefs and moifture ; though thefe two names are 
not comprehenfive enough, being commonly ufed 
to fignify only the adhering or not adhering of 
water to folid bodies, Thus we may obferve 
that water will more readily wet fome woods than 
others, that' water let fall upon a feather, the' 
whiter fide of a colewort and fome other leaves* 
or almoft upon any dufty, unftuous or refinous 
furface, will not adhere but eafily tumble off froii* 
|hetn, like a folid \>ow\ i whereas if dropt upon 
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Uaen, paper, clay, green wodd, &c. it will not 
go off without leaving fome part of itfelf behind, 
Soquickfilver, which will very hardly be brought 
to ftick to any vegetable, will readily adhere to 
and mingle with feveral clean metalline bodies. 
; The caufe which he propofes of this congruity 
and incongruity of bodies is, that all fluids are in 
a fort of vibrative motion, which he fays is a fort 
of pulfe or fhake of heat, by which the parts of 
bodies being made lopfe from one another, can 
eafily move any way and are thereupon fluid* If 
in a large di(h feveral kinds of fands be mixed to- 
gether, we (hall find that by -any vehement agi- 
tation, the fine fand will ejedt and throw out of 
itfelf all the bigger bulks of fmall ftones and the 
like, which will be gathered together into one 
place } and if there be other bodies in it of other 
u&tures, they alfo will be feparated into a place 
by themfelves. In like manner he fuppofes the 
pulfe of heat to agitate the fmall particles of mat- 
ter, and thofe which are of the fame bignefs, fi- 
gure and texture will holc| or dance together, and 
thofe which are of a different kind will be thruft 
out from between them by feveral variations of 
harmony and difcord. And what has been faid as 
to fluids he fuppofes may be attributed to folid 
bodies, to which alfo he applies the like vibrative 
motion. This is his explication of congruity and 
incongruity- 

If then we allow, as we eafily may, that water 
is more congruous to glafs than air is, it will fol- 
low that water may more eafily be forced, through 
the narrow paiTage of a (lender pipe than air. He 
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illuftrates the thing by the refemblance of a rouncl 
fpring, fuch as an hoop : for as in a round fpring 
there is required an additional preffure againft the 
two oppofite fides to reduce it into an oval formv* 
or to force it in between the fides of an hole whofe 
diameter is lefs than that of the fpring, fo to alter 
the fpherical conftitution of the air included ir* 
the tube, arifing from its incongruity to glafs; 
there is required more preffure againft the op- 
pofite fides to reduce it to an oval ; and to prefs 
it into a hole lefs in diameter than itfelf, it re- 
quires a greater protrufion againft all the other 
fides, which he found alfo to be true by experi- 
ments. Therefore he concluded, that part of 
the, preffure of the atmofphere being taken off 
and (pent in protruding the air within the cavity 
of the flender tube, it has lefs force to refift the 
afcent of the water, .which is impelled upwards 
by the whole force of the atmofphere, preiling 
upon the furface of the water in the veffei into 
which the lower end of the tube is immerfedj and 
jls a greater part of the preffure of that column 
of the atmofphere, which is incumbent over the. 
upper orifice of the tube, is taken off in protrud- 
ing the air within the tube when it is flenderer* 
fo is its refiftance to the afcending liquor ftill lefs, 
and confequently the afcent is greater. 

This is Dr. Hook's account of the matter, 
which any one may more fully acquaint himfelf 
with, by reading the fixth observation of his ad- 
mirable Micrography. It appears at firft view 
to be very fatisfadtory, and accordingly it has not 
wanted its patrons; neverthelefs I muft here 
confefs that I cannot by any means perfuade my^ 
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felf to be of the fame opinion. Amongft many 
others, this is one great reafon of my back ward - 
nefs to embrace Dr. Hook's hypothecs, that I 
have found by making the experiment, and feve- 
fal others have took notice of the fame thing 
before me, that even under a receiver exhaufted 
of air by the air-pump, there is, as far as we can 
perceive, a like and equal afcent of liquors in 
capillary tubes. Now if the difference of the 
preflure of the air upon the liquor contained 
within the tube and upon that within the veffel, 
into which the tube is immerfed, be the true caufe 
of the afcent, we muft needs be at a lofs in ex- 
plaining how the fame afcent can poffibly happen 
in vacua, when there is no air to prefs either upon 
the liquor in the veffel or that in the tube. 

It may perhaps be anfwered, that we can never 
by pumping perfectly evacuate the receiver of air # 
fo that after all our endeavours there will' ftill a 
fufficient quantity remain behind to produce the 
effedt : let it then be confidered whether that very 
fmall quantity which remains behind, can poffibly 
be faid to be fufficient. It is reafonable to con- 
clude, that as the quantity of air under the re- 
ceiver is diminifhed, fo are the preffiires of the 
air upon the liquor in the veffel and upon that 
within the tube proportionably diminifhed, and 
confequently the difference of thofe preffures alfo. 
If then that difference be the caufe, as is pre- 
tended, of the afcent of the liquor in the tube, 
as that difference is diminifhed by pumping, fo 
ought the afcent in like manner to be diminiih* 
ed, which does not happen ; therefore that dif- 
ference is not the caufe of the afcent. If it be 
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faid t contrary to all reafon, that the difference of 
thofe two preflures is not diminifhed as the, re- 
ceiver is evacuated* I might eafily prove, were it: 
neceflary, that even the whole preflure of the air! 
in the receiver upon the liquor in the veffel, is 
not able to bear up the liquor in th$ tube to the 
height it will afcend to, if the bore be narrow, 
when the pump is fufficiently worked : much 
lefs then can the excefs of that whole preflure 
upon the liquor in the veffel above the preflure 
upon the liquor within the tube, be faid to do fo, 
unlefs the part can be proved to be greater than 
the whole. We have therefore good grounds from 
the abovementioned event of the experiment 
made in the evacuated receiver, of wnich yoii 
will hereafter be eye-witneffes, to diftruft that 
caufe arifing from the inequality of the air's 
preflure. 

It will follow therefore, that there is no fuch 
inequality of preflure as is pretended ; for if there 
were, then woul$ the afcent in the open free air 
be greater than in vacuo* the inequality of pref- 
fure co-operating in the open air with the catife 
of the afcent in vacuo, whatever it be. 

But it may not be amifs in this place to ftiew 
a priori alfo, that there is not that inequality of 
preflure, notwithftanding that there be required a 
confiderable force to protrude the air contained in 
the tube. The preflure of the incumbent part of 
the atmofphere endeavours to force the included 
air downwards, and the preflure of the elevated 
liquor does at the fame time endeavour to force 
it upwards; now thefe two forces are in aquili- 
brio> otherwife the included air would be more 
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protruded downwards or more upwards, till that 
{equilibrium were gained. We mud therefore ne- 
ceflarily conclude that the preflure of the elevated 
liquor upwards, is equivalent to the whole weight 
of the incumbent part of the atmofphere. There- 
fore it is prefled downwards, by the air which is 
contiguous to it, with a force equivalent to the 
weight of the incumbent part of the atmofphere; 
for were it kept down by a lefs force than that 
with which it endeavours to afcend, it would af- 
cend further. Every equal part of the furface of 
the liquor in the veflel below, is alfo prefled 
downwards by the fame whole weight of the in- 
cumbent part of the atmofphere. The liquor 
contained in the tube is therefore expofed to an 
equal preflure with that which is contained in 
the veflel ; that fancied inequality cannot there- 
fore take place. I have proved both a pofteriori 
and alio a priori, that the inequality of the air's 
preflure is not the caufe of the afcent of liquor* 
in capillary tubes. 

I may add further that the difficulty of pro- 
truding the-air through the narrow paflageof the 
tube, is fo far from being the caufe of the liquor's 
afcent, that it would rather hinder that effe& than 
promote it. Dr. Hook indeed from thence might 
with fome probability have given an account 
why an elevated Jiquor fhould not be deprefled, 
but the fpontaneous afcent of liquors does ma- 
nifeftly contradict his opinion, fince the difficulty 
the air has to pafs upwards along the tube, when 
urged by the afcending liquor, ought more to re- 
fift its afcent than the free and unreftrained pref- 
lure of the atmofphere in a tube much larger. 

Whether 
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Whether his hypothefis concerning- the con-; 
gruity and incongruity of bodies, be fuch as we* 
may furely admit of, I will not flay here to ex- 
amine, I confefs Lfee not any neceffity of fup- * 
pofing the particles of fluids or firm bodies to be 
perpetually either in a vibrative or any other mo- 
tion. It may fo happen, that by accidental mo- 
tions of the air or other contiguous bodies, the 
parts of fluids may feldom be at* reft; but that 
a perpetual inteftine motion is eflential to fluids, 
is what has not yet, that I know of, been demon- 
ftrated, though fome have attempted it. 

I have hitherto been only proving what is not 
the caufe of the effedrs we have been confidering. 
Let us now try whether we can find out what is 
the true caufe. It is a common obfervation, that 
a drop of water of a certain determinate magni-- 4 
tude, will firmly adhere to the furface of glafs and 
of other bodies, and even hang pendulous to it, 
though the furface be placed downwards, not- 
withftainding the weight of the drop which en- 
deavours to disjoin it. Since then that endeavour 
is rendered fome way or other ineffectual, we 
need not fcruple to afcribe a mutual attra&ion to 
the glafs and water : it is evident that congruity 
alone, in Dr. Hook's fenfe, is not fuflicient to - 
hinder the drop from falling by the force of its 
own weight ; there is fomething more required - 
than a bare congruity to overcome that force. 

What I call attra&ion, any one if he thinks fit . 
may give another name to $ I mean no more by/ 
attraction than fome power in nature, from what 
caufes foever it proceeds, by which bodies do en- 
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deavour to be united to one another. This adhe- 
fion of the drop to the furface of the glafs and 
other bodies, has commonly been afcrrbed to the 
preflbre of the air. We have feen that this pref- 
fure is able to keep well-polifhed plates united, 
riotwithftanding a confiderable force was ufed to 
fcparate them ; but then the air muft be excluded 
from between the furfaces. Now a drop or glo- 
bule of water will be attraded to a plate of glafs, 
which touches its upper part, notwithftandingthe 
intervention of the air immediately before the at- 
traction ; which {hews that the cafe is different 
from that of polifhed plates. We may alfo fatisfy 
ourfelves that this adhefion does not proceed from 
the preflure of the air, by the air-pump, fince the 
fame will happen under an exhaufted receiver. 
- Certain it is, whatever be the caufe of it, which 
I pretend not to determine, that there is foch an 
attraftion between water and other liquors to 
glafs and feveral other bodies. And as there are 
attractions between feveral particular bodies, fo 
we may obferve others mutually to repel each 
other. Thus do the particles of air feem to fly 
afunder with forces reciprocally proportionable to 
their diftances, and thereby compofe an elaftical 
fluid, whofe denfity is as the force which com- 
prefles it. After the fame manner it is very pro- 
bable that air endeavours to recede from feveral 
denfe bodies. Thus alio do feveral other, as well 
folid as fluid bodies, feem to repel each other, and 
this is what Dr. Hook took notice of in many bo- 
dies which he therefore calls incongruous. In- 
stances enough of this kind may be feen in the 

laft 
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laft query at the end of the laft edition of Sir 
ifaac Newton s Opticks, which I forbear to tran- 
scribe. Whoever will read thofe few pages o£ 
that excellent book, may find there, in my opi- 
nion, more lblid foundations for the advancement 
of natural philofophy, than in all the volumes that 
have hitherto been published upon that fubjeCt. 

But, to proceed with our drop of water, we 
ttiay obferve that the force of the attraction I 
have been fpeaking of, is of a certain determinate 
quantity. If the drop be too big, it will fall off* 
the force of its own weight being greater to fe- 
parate it, than the force of attraction to hinder 
that Separation. As the part of the furface of the 
v glafs, to which the drop is contiguous, is larger, 
fo will it bear up a greater drop ; a larger furface 
having proportionably a greater attraction. 

It is eafy to apply what has been faid concern- 
ing a plane furface, to the inner concave furface 
of a narrow cylindrical tube. It cannot but be 
evident, that this ought, as well as the other, to 
attract and hold up a certain weight of water 
within the tube. The attracting furface does in 
this cafe every way furround the drop, and by 
that means has a much greater advantage to bear 
it up, than if it were a plane, and could thereby 
touch it only in one of its fides. Now as the 
diameter of the tube becomes lefler, fo is this ad- 
vantage ftill iricr^afed ; for it is well known that 
the furfaces of cylinders bear a greater proportion 
to their capacities, as their diameters are more 
and more diminished, the furfaces decreasing on- 
ly in the lame proportion with the diameters, 
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and their capacities decreafing in a proportion 
which is duplicate of that of the diameters. 
Hence it comes to pafs that the water can be 
held up at a greater altitude as the tube is nar- 
rower, which is the thing we were chiefly con- 
cerned to account for* 

It is plain from thefe principles, that the event 
ought to be the fame in vacuo and in the open 
air ; that the fame quantity of liquor ought to be 
fufpended in the tube when taken out of the vef- 
fel, as was before elevated above the furface of the 
liquor contained in the veffel ; that, if when the 
tube is taken out of the vefTel, a piece of glafs be 
applied to its under orifice, fo as to touch the 
fufpended liquor, by attraction it will caufe it to 
defcend out of the tube. The experiments of 
capillary fiphons are explicable upon the fame 
grounds. The liquor afcends to the top of the 
flexure by the attraction I have been fpeaking of, 
and then by its own weight it defcends along the 
other leg. It would be tedious to inftance in more 
particulars ; the application of what has been faid 
to other cafes, is fo eafy that no body can mifs of it. 

The reafon of the different figures of the fur- 
faces of fluids, is very obvious and depends upon 
the fame principles. Water forms itfelf into a 
concave, tne fqperficial parts of it, which are near 
the fides of the tube, being attracted upwards to 
the glafs. Quickfilver forms itfelf into a convex, 
being repelled from the glafs (a); which repulfion 

is 

(a) This repulfion is not real but only apparent and rela- 
tive. For Dr. Jurin has plainly Ihewn, that glafs attradb the 

particles 
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is alfo the caufe why it does not, as water, af- 
cend above the level in capillary glafs-tubes, but 
on the contrary remains below it. If two liquors 
be placed in the fame tube contiguous to each 
Other, and both be equally attracted to the fides 
of the tube, their common furface will be a plane. 
If one be fomewhat more attradted than the 
other, that which is moft attracted will have a 
concave furface, and the other which is lefs at- 
tratted, muft of confequence have a convex, the 
furfaces of the two liquors being contiguous; 
and thus a liquor whofe furface is concave when 
expofed to the air, may have that furface changed 
into a convex, by the contadt of another liquor 
which is more powerfully attradted to the fides 
of the containing veffei than itfelf. 

It is not difficult to underftand that the experi- 
ments we made concerning the motions of tioat T 
ing bodies are deducible from the like caufes. If 
any one would be more particularly informed a- 
bout this matter, he may confult Mr. Marriott^ % 
Traite du mouvement des eaux, or the fourth vo- 
lume of Du Hamel's Burgundian philofophy. 

From what has been faid concerning the afcent 
of liquors in capillary tubes, we may eafily un- 
derftand how filtrations of all forts are perform- 
ed. If a tvibe be filled with fand or fif ted afties 
well preffed together, and one end of it be placed 
in a veflel of water, the water will be attradted 

particles of quickfilver, but not fo ftrongly as they attraft 
one another; and upon this principle has clearly explained 
the phenomena of quickfilver in capillary tubes and between 
glafs planes. Phil. Tranf. N°. 363. 
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by the fand or afhes, and rife to a great height 
above the level of that within the veflel. Thus 
if any part of a piece of cap- paper, or a fpunge, 
or a piece of bread or fugar, or of linnen, or of 
feveral other fubftances, be wetted, the rnoifture 
will be propagated to the other parts by the 
power of attraction. 

This is the caufe of the afcent of fpirit of wine, 
oyl, melted tallow and other un&uous bodies, 
into the wick of a lamp or candle. It is very 
jreafonable to believe that this is alfo the caufe of 
the afcent of the fap in trees, and of the various 
fecretions of fluids through the glands of ani-* 
pials, and of feveral other effects in nature, 
which any thinking perfou cannot mifs of, 

LECTURE XII. 

*£be air-pump and inftruments for condtnjing and 
transferring air; their fabrick> operation and 
* S a S es cxpfointd* 

HAVING in the firft week of this courfe by 
feveral dedu<ftions and conclufions from 
experiments, which we thought to be the moft 
pertinent, endeavbured to eftablifh the true and 
genuine principles of hydroftaticks, and to de- 
monftrate the moft fundamental properties of 
fluid bodies in general, we proceeded in the fe^ 
cond week to a more particular confideration of 
the air ; a fluid contrived by the wife Author of 
nature for fo many various, admirable . and ex- 
cellent ends and purpofes, and manifestly fitted 

to 
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to have fo univerfal and ufeful an influence upon 
the whole fyftem of bodies we are particularly 
concerned with, that it very much deferves our 
utmoft diligence and moft careful examination* 
It has been already proved, I think beyond any 
reasonable contradi&ion, that this fubtle element 
is by no means privileged or exempted from that 
Catholick law of gravitation, to which (as far as 
appears from obfervations that have hitherto been 
made by inquifitive philofophers) all matter is 
alike and.equally fubjedt, of what form or texture 
fbcver it be; and it is upon the account of this 
its ponderoufnefs and its fluidity that it is quali- 
fied to exhibit all the various appearances of other 
fluid and heavy bodies, as has been made mani- 
feft in feveral inftances, vvhen we compared the 
remarkable phenomena of the Torricellian tube, 
of pumps, fyringes, fiphons, polifhed plates and 
ibme other effects of the like nature, with the 
more common and obvious, and therefore lefs 
furprifing, effefts of grofler and more fenfible 
fluids, fuch as water and quickfilver. 

We have found moreover that the air is en- 
dowed with a very confiderable power of elafticity 
or fpringinefs, by which it perpetually endeavours 
to expand itfclf into larger dimenfions, and to re- 
move the obftacles^ whatever they be, which con- 
fine it to the bounds in which it happens at any 
time to be contained. We have feen alfo that it 
exerts this power the more forcibly as it is the 
more clofely imprifoned and crowded together ; 
and, as if it were defirous of its liberty in the fime 
meafure in which it wants it, experience has fliew- 
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ed us that the force it employs to regain its free- 
dom, I mean its elafticity, is ever proportionable 
to its coarctation or denfity. 

From hence we deduced a method of deter- 
mining its rarefa&ions in the feveral regions a- 
bove the furface of the earth • You may remem- 
ber it was proved that as its altitude increafed by- 
equal intervals or in an arithmetical progreffion, 
fo the degrees of rarity were augmented in a geo- 
metrical progreffion. Thefe affe&ions of the air 
and Ibrne others, which I need not now recall to 
your memory, have been already made out in the 
preceding week. But the proofs we made ufe 
of, though they afe very well fitted to fatisfy and 
convince thpfe who are able to give them an at- 
tentive and impartial confideration, yet are they 
of fuch a nature as to afford fome little fcope for 
the petty cavils and exceptions of fome philofb- 
phers, whofe former prejudices had made it feem 
their intereft to oppofe them ; and being rather 
the remote deduftibns of reafon than the imme- 
diate impreflions of fenfe, they may have, upon 
that fcore, the lefs weight and moment to deter- 
mine the aflent of men who are not much accuf- 
tomed to abftradted /peculations, but are gene- 
rally to be wrought upon and convinced by mo- 
tives of a more fenfible kind, and lefs different 
from the vulgar apprehenfions they frame to 
themfelves of the natural appearances of things. 

We {hall now proceed in the remaining part 
of our courfe to another fet of tryals, which will 
not be fo liable to the abovementioned objection. 
Thefe carrying a more fenfible evidence along 

with 
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with them, are for the mod part, fufficient of 
themfelves to procure our aflent aqd intire cpn- 
vidtion without any further reinforcements, or the 
afliftance of remote inferences to bring them home 
to our underftanding. For which reafon, that I 
may not give you or myfelf any unneceflary 
trouble, or mifpend our time to no ufeful pur- 
pofe, I (hall endeavour to avoid all needlefs pro- 
lixity in my future lectures, and fliall oftentimes 
alfo omit to read any, when either the matter has 
already been formerly treated of, or \k of itfelf fo 
evident as not to require any further illuftration, 
or laftly, which I confefs will fometimes happen, 
is of fo difficult a nature that I cannot pretend to 
fatisfy myfelf as to the true caufes of fuch fur- 
prifing appearances \ and \ am not willing to go 
about to amufe you with conjectures and feeming 
probabilities or plaufibly contrived hypothefes. 

It is not long ago fince this method. was very 
much in vogue, but we have feen it of late give 
way to a founder and furer manner of philofo- 
phizing. It is no very difficult matter for inge- 
nious men, who have fufficient leifure, to frame 
to themfelves fuch principles of nature as may 
ferve to explain any particular appearance what- 
fdever. But then the theories which are thus ad- 
vanced, ought to be looked upon only as philofc- 
phical romances, and the witty fi&ions of in- 
ventive brains, unlefs the truth of thofe principles 
and their real exiftence can be demonftrated, and 
put beyond difpute by proper experiments. 
Where this cannot eafily be done, it is the fafeft 
way, if we are defirous to be free from error and 

prejudice, 
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prejudice, to wait till fome further light may be 
afforded us hy future obfervations. The mindof 
man indeed is naturally defirbus of fomething to 
reft upon, fomething in which it may acquiefce 
and on which it may terminate its view ; it is a 
fort of pain to it to be held long in fufpence, and 
therefore we are willing to take up with any fair 
fhew of an hypothefis, rather than continue, as 
we are apt to imagine, in a greater degree of un- 
certainty. But we ought to confider (befides that 
thefe hafty and ill-grounded conclufions argue a 
certain weaknefs and levity in us) that by thus 
greedily catching at thefhadow we commonly lofe 
the fubftance ; nothing being fo great an obflacle 
to the reception of truth, when it comes to be 
propofed, as thefe darling phantoms which ufe 
and cuftom does at length perfuade us to be re- 
alities. Thus from the time that the philofophy 
of Des Cartes firft appeared, the exiftencc of his 
materia fubtilis has, bzzn looked upon as a thing 
not to be queftioned -, the celebrated feats and 
wonderful operations of it, have in a manner in- 
toxicated, the minds of men, and poffeffed them 
with a fort of madnefs ; irifomuch that any at- 
tempts which have been made againft it, have 
been thought to be of the moft dangerous confe- 
quence, as tending to fubvert the very foundations 
of all fcience. Even Hugenius himfelf, that great 
matter of reafoning, as upon other occafions he 
has fhewed himfelf to be, was drawn afide from 
purfuing better things, by the fondnefs he had 
entertained for this principle; which by a fort 
of legerdemain could fo eafily be applied to the 
7 folution 
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folution of the moft intricate and perplexing diffi- 
culties of nature. One might reafonably have 
expe&ed that this great man, who appears to 
have been of a very candid and ingenuous temper, 
after he had feen and confidered the incomparable 
Principia of Sir Ifadc Newton, and in particular 
the application of them, in accounting for the 
heavenly motions to fuch a wonderful degree of 
cxadtnefs ; and fo full and clear a demon ft ration 
of the infufficiency of the Caftefian vortices; one 
might have expedted, I fay, that after this fur- 
ther information, he would not have been averfe 
to have altered his fentiments. Notwithstanding 
this, though he exprefles an extraordinary plea- 
fure and fatisfadfcion upon the reading of that 
admirable book (which he fays fre looks upon as 
a furprifing mftance of the great ftrength and 
capacity to which it is poffible for the mind of 
man to arrive) yet we fee he could not willingly 
change his own principles for others ; and it was 
impoffible for him to forfake an hypothefis 
which he had himfelf very much cultivated, and 
was fo long accuftomed to. So great is the force 
of prejudice that an ill-grounded opinion fhall 
often prevail, by long prefcription, to obftrud 
the evidence of a well-demonftrated certainty • 
For my part I think it more advifeable to profefs 
our ignorance where the truth is not yet discover- 
ed, than to pretend a knowledge which may for 
ever hinder us from attaining it. 

But to come more immediately to the bufinefs 
of this day, the inftruments under our prefent 
confideration, which we (hall chiefly employ in 
$he remaining part of pur courfe, are the air-pump 

and 
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and condcnfer. By thefe we are affifted tor make 
a great variety of tryals, concerning the influence 
and operation of the air under its raoft different 
conftitutions, from a very great degree of deqfity 
to an almoft infinite rarefaction. 

The condenfer is an inftrument whofe inven- 
tion is fo very obvious, that it was impoflible it 
fhould efcape the curiofity of former ages. It has 
been fo very long in ufe that I cannot pretend to 
affign its origin. 

The air-pump was firft, that I know of, con- 
trived and brought into ufe by Otto Guericke con- 
ful of Magdeburg, fome time before the year 
1654; for then it feems this ingenious gentle- 
man, being employed in a publick negotiation at 
Ratifbon, had an occafion offered him of (hew- 
ing his engine to the Emperor and fome other 
Princes there prefent ; among whom the Eledtor 
and Archbiflbop of Mentz was particularly de- 
lighted with the contrivance of the inftrument, 
and the curious experiments exhibited by it $ in- 
fomuch that he became very defirous of having 
fuch another machine made for his own ufe. 
But this could not eafily be effected by reafon of 
the fhort ftay they had to make at Ratifbon, and 
for want of fkilful workmen. N However he pre- 
vailed with the inventor to part with his own 
apparatus, and at his return carried it home with 
him to Wurtzburgh. Here it was that the learn- 
ed and diligent Jefuit father Schottus, being then 
profeffor ot the mathematicks in that univerfity, 
had firft the fight of it, together with fome other 
curious and learned perfons. The archbifhop 
was pleafed himfelf to give them an account of 

the 
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the engine, and a relation of the experiments he 
had feen the inventor perform at Ratifbon. Thefe 
they tried over feveral times in his prefence, and 
it was not long before they themfelves alfo made 
feveral other new ones of the like nature. 

The fame of thefe firft effays was quickly 
fpread abroad by the large correfpondence which 
Schottus held with learned men in mod parts of 
Europe, but more particularly in the year 1657, 
.when he publifhed his . Mechanica Hydraulico- 
Pneumatica; to which as an appendix he added 
a diftincfl and full account of thefe Magdeburgick 
experiments as he called them. In the year 1664 
he publiflied his Technica curio/a, and gave a fur- 
ther relation of other new experiments which 
had been made fince the printing of his former 
book. After this the famous inventor himfelf 
Otto Guericke, in the year 1672, was pleafed to 
give a moft perfed: narrative of his own tryals, in 
his book which he calls Experimenta nova Mag- 
deburgica ds vacuo Jpatio. They who are curious 
to underftand the particular fabrick of thefe firft 
engines, and. to obferve the gradual improve- 
ments which have been made in thefe matters 
abroad, may receive full fatisfadtron by confut- 
ing the books I have been mentioning. 

But it is time now that I return to our own 
countryman, the excellent Mr. Boyfe, whom I 
fear I fhall be thought to have injured by afcrib- 
ing thefe firft inventions to a foreigner. The air- 
pump indeed is fo generally known by the name 
of the Machina Boyliana, and the void fpace pro- 
duced by it is fo commonly called the vacuum 

Boylianum, 
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Boylianutn, that many are thereby perfuaded to 
believe, they owe their original contrivance, to 
this Englifli philofbpher. For my part I fhould 
rather chufe to give another reafon for thefe ap- 
pellations, by faying that the engine and void 
fpace do very juftly bear the name of Mr. Boyle* 
fince whoever might happen to be the inventor of 
them, his certainly was the more excellent part, 
to have firft applied them to fuch admirable and 
ufeful purpofes : it being confefled on all hands 
that the glory of the English experiments, has in 
a manner totally obfcured that of the Magde- 
burgick. # 

As to the contrivance of the inftrument, he 
does himfelf ingenuoufly confefs that it was not 
his own, in his letter written, two years after 
Schottuss firft book was publifhed, to the Lord 
Dungarvan, his nephew, who was then at Paris; 
in which letter are the following words, which 
I think not amifs to be repeated to you, that you 
may the better underftand the occafion and man- 
ner of his firft attempts upon this fubjeft. " I 
" {hould immediately proceed, fays he, to the 
" mention of my experiments, but that I like 
€C too well the worthy faying of the natural- 
" ift Pliny, Benignum eft & plenum ingenui pudoris, 
"fateriper quos profeceris, not to conform to it, 
" by acquainting your Lordfhip, in the firft 
" place, with the hint I had of the engine I am 
€€ to entertain you with. You may be pleafed 
" to remember, that a while before our feparation 
€€ in England, I told you of a book that I had 
" heard of, but not perufed, publifhed by thein- 

" duftrious 
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« duftrious Jefuit §chottus, wherein it was faid, 
€€ he related how that ingenious gentleman Otto 
€€ Guericke, conful of Magdeburg, had lately 
€t pracfHfed in Germany, a way of emptying glafs 
€€ veffels, by fucking out the air at the mouth of 
" the veffel plunged under water. And you may 
€€ alfo remember, that I expreffed myfelf much 
€i delighted with this experiment, fince thereby 
€S the great force of the external air, either ruih- 
" ing in at the opened orifice of the emptied 
€C veffel, or violently forcing up the water into it, 
€€ K was rendered more obvious and confpicuous 
" than in any experiment that I had formerly 
" feen. And though it may appear from fome 
€€ of thofe writings Ifometimes fhewed your lord- 
" fhip, that I had been folicitous to try things 
" upon the fame grounds, yet in regard this gen- 
cc tleman was beforehand with me in producing 
" fiich confiderable effedfa, by means of the ex- 
" fudtion of air, I think myfelf obliged to'ao 
" knowledge the affiftance and encouragement, 
€€ which the report of his performance hath af- 
" forded me. But as few inventions happen to 
" be at firft fo compleat, as not to be either 
" blemiftied with fome deficiencies needful to be 
" remedied, or otherwife capable of improve- 
" ment, fo when the engine we have been fpeak- 
" ing of, comes to be more attentively confider- 
" ed, there will appear two very confiderable 
" things to be defired in it. For firft the wind- 
" pump, as fbmebody not improperly calls it, is 
" fb contrived, that to evacuate the veffel there 
" is required the continual labour of two ftrong 

" men 
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• * men for divers hours. And next, which is an 
" imperfe&ion of much greater moment, the 
" receiver, or glafs to be emptied, confifting of 
€t one entire and uninterrupted globe and neck 
€€ of glafs, the whole engine is fo made, that 
" things cannot be conveyed into it, whereon to 
" try experiments : fo that there feems but little, 
4€ if any thing, more to be expected from it, than 
" thofe very few phaenomena that have been al- 
" ready obferved by the author and recorded by 
€t Schottus. Wherefore to remedy thefe inconve- 
" niencies, I put both Mr. Gratorix and Mr. 
€C Hook to contrive fome air-pump that might 
" not, like the other, need to be kept under wa- 
€C ter, and might more eafily be managed. And 
€i after an unfuccefsful tryal or two of ways pro- 
cc pofed by others, Mr. Hook fitted me with a 
" pump anon to be defcribed." 

This air-pump of Dr. Hook's contrivance was, 
it feems, the firft that Mr. Boyle made ufe of. It 
was indeed more perfeft than that defcribed by 
Schottus in his Mechanica Hydraulico-Pneumatica, 
yet ftill it laboured with feveral imperfections, 
and was not fo commodious in many refpedts as 
might be defiredj particularly it wasfurniflied but 
with one fingle receiver, always fixed to the body 
of the engine ; which therefore it was requifite 
(hould be very capacious to be fitted for all man- 
ner of tryals. Now this great capacity of the re- 
ceiver made it neceflary to employ aconfiderable 
time for its exhauftion; but this was an inconve* 
nience which could not eafily be difpenfed with 
in many experiments that required a fpeedy eva- 
cuation; 
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cuation ; and moreover a variety in the forpi of 
the receivers to be made ufe of, would better fuit 
with the variety of the fubje&s which were to be 
enquired into. Hence I fuppofe it was, that 
after he had made his firft experiments with this 
engine, and had published them in the form of a 
letter to his nephew, under the title of Phyjico- 
Mechanical experiments touching the fpfing of the 
air and its effe£}s f he thought it requifite to make 
an alteration and improvement of his inftrument 
before he proceeded to a further profccution of 
his defign. 

The defcription of this fecond air-pump of Mr* 
Boyle, may be feen in the firft Continuation of his 
Phyfico-Mechanical Experiments. It confifted, 
as the former, only of one fingle barrel, by which 
the receiver was evacuated ; but this barrel was 
now contrived to be every way furrounded with 
water, the better to prevent any poffiblc regrefs 
of the air. The receivers, which were now of fe- 
veral fhapes and bigneffes, were clofed to an iron 
plate, upon which they were placed by the means 
of a foft cement, and fo they could be eafily re- 
moved and changed as occafion required. He had 
not, it feems, as yet thought of that eafier expe- 
dient of fixing them to the table on which they 
flood, by the interpofition of a wet leather. 

The experiments related in the fecond Conti- 
nuation of this Honourable Author, were made 
with an engine different from the two former. It 
was the contrivance of Mr. Papin, whofe affift- 
ance Mr. Boyle did alfp make ufe of in the tryals 
themfelves. This third air-pump was much 
more covenient than the former, and the advan- 
' L tage 
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tage -lay chiefly in thefe tw# particulars, Firft, 
. whereas the former engines had only one Jingle 
.barrel and one fucker or embolus, this was fiir- - 
nifhed with two barrels and two fuckers, and 
thefe two fuckers being alternately raifed and 
deprefled, caufed the evacuation to be continual ; 
which effedt could not be obtained by a ; fingle 
fucker, it being necefiary that the evacuation 
fhould ceafe during the time in which the fucker 
is forced in towards the bottom of the barrel* 
But befid.es this advantage of performing the 
operation in half the time it could be done with 
a fingle fucker, the labour alfo in doing it; was 
exceedingly leffened. The chief difficulty com- 
. plained of in fingle-barrelled pumps, is the very 
. great refiftance which the external air makes 
againft the fucker as it is drawn outwards; and this 
refiftance increafes as the receiver is more and 
more exhaufted, the counterbalance of the internal 
againft the external air being thereby more and 
more diminifhed ; fo that if the barrel be of -a 
confidcrable widenefs, it may be impoflible for the 
ftrength of any one man to work the engine any 
longer. Now this refiftance of the external air is 
entirely taken off by making ufe of two fuckers 
inftead of one. They are fo connected together 
by the fabrick of the inftrument, that as the one 
defcends, fo the other muft of neceflity afcend at 
the fame time $ and confequently the refiftance 
of the external air, hindering the afcent of the one 
as much as it promotes the defcent of the other, 
by contrary effects lofes its force upon both. Ic^n- 
not iiluftrate this better than by comparing it with 
• a balance. If a fijpgle weight be placed at orie pf 

its 
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its extremities, we perceive a difficulty in moving 
i:hc beam to make the weight afcend, and this 
difficulty increafes as the weight is greater. But 
if you place another weight equal to the former 
-at the oppofite extremity, the difficulty in mov- 
ing the beam will entirely ceafe, how great foever 
the two equal weights may be fuppofed to be. 

The other particular in which this air-pump 
excelled the former, was the advantage of its 
valves. In the two firfl engines, whilfl the fucker 
was drawn outwards, you was obliged at the fame 
time to turn a flop- cock, to make way for the 
air in the receiver to pafs from thence into the 
barrel j and when* this air was to be excluded from 
the barrel as the fucker was moved inwards, you 
was obliged again to turn the flop-^cock, to pre- 
vent the air from reverting into the receiver, and 
at the fame time to give it a paffage outwards, a 
ftopple or plug was to be removed, which clofed 
the hole through which it was to pafs, and then 
again this hole was to be flopped up and the cock 
to be turned again as more air was drawn from 
the receiver ; and this labour to be repeated per- 
petually fb long as you -continued to work the 
pump. Now the valves which in the third air- 
pump fupplied the place of the plug and flop- 
cock, were undoubtedly much more convenient, 
in that of themfelves they opened to give the air 
a paflage forwards, and fhut to prevent its return 
back again. I will not detain you any longer by 
fpeaking of the various forms of the engine, and 
the different contrivances which have been ufed 
by others. I have nbt pbferved that any of them 
whofe defcriptions I have ever met with, has been 

L 2 fa 
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fo convenient in all refpe<3s, as the air-pump be- , 
fore us, which was made by that excellent ope- 
rator the late Mr. Haukjbee. I cannot fay that, 
in the main, it is at all different from the third of 
Mr. Boyle's ; what little alterations may be ob- 
ferved in it, are I think for the better. It would 
be a lofs of time to go about to defcribe it by 
words, when we may better fee. the contrivance 
of it with our eyes, I will therefore take its fe- 
veral parts afunder, and then endeavour to make 
you underftand the ufe of each, and the operation 
of the whole, as clearly and diftin&ly as I can* 

LECTURE XIIL 

iAn account of the fever alfuccefjive degrees in which 
the air is expanded and comprejjed by the air- 
pump and condenfer. 

AT our laft meeting we took a particular 
view of the feveral parts of which our en- 
gines confift. I fhall therefore fuppofe you to be 
Sufficiently acquainted with the fabrick and con- 
trivance of them, and to underftand m general 
the manner of their operations. I fay in general, 
becaufe there are fome particulars which yet re- 
main at this time to be difcourfed of; which may 
alfo very well deferve your confideration, and 
will be of good ufe in order to frame juft and true 
apprehenfions of the experiments which will 
hereafter be made. I fhall begin with the air- 
pump, and reprefent to you by what degrees the 
air contained in the- receiver is exhaufted. 

It may perhaps, upon the firfi view, feem ndt 
improbable that an equal evacuation is made at 

each 
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each ftroke of the pump, and cdnfequently that 
the receiver may after a certain number of ftrokes 
.be perfectly exhaufted ; for it rauft be . allowed, 
if an equal quantity of air is taken away at every 
ftroke, that the receiver will in time be perfeftly 
exhaufted, how fmall foever thofe equal quanti- 
ties, which are continually taken away, may be 
fuppofed to be. Thus if the air tyhichf goes out 
of the receiver at each turn of the pump, be but 
the hundredth part of what was at firft included 
in the receiver, it is certain that a total evacua- 
tion will be made after an hundred turns. That 
things are thus, may at firft view I fay, feem not 
improbable, but if we confider the matter more 
nearly we fhall find it to be far otherwife. 

What I (hall endeavour to make out to you is 
tfiis ; that the quantities exhaufted at every ftroke 
are not equal, but are perpetually diminished, and 
grow leffer always fo long as you continue to 
work the pump ; that no receiver can ever be 
perfe&ly and entirely evacuated, how long time 
foever you employ for that purpofe, notwith-p 
ftanding that the engine be abfolutely free from 
all defedte aiwLin the greateft perfection which can 
be imagined. It may appear to be a paradox, 
that a certain quantity of the air in the receiver 
would be removed at every turn of the pump, and 
yet that the whole can never be taken away ; but 
I hope I lhall eafily fatisfy you that it is not a 
miftake. Laftly, that I may not feem too much 
to depreciate the value of our engine, I have this 
further to fay for it, that though it be impoffible 
by its means to procure a perfect vacuum, yetyou 
L o may 



1 66 Degrees of expanjion Left* 

may approach as near to it as you pleafe. By ar 
perfedt vacuum I mean in refpcft of air only, not 
an abfolute vacuity in refpedt of every thing 
which is material; for not to mention what 
other fubtle bodies may poffibly be lodged in our 
emptied receivers, it is matter of fadt that the 
rays of light are not excluded from thence. 

In order to make out thefe aflertions I {hall inr 
the firft place lay down this rule : That the quan- 
tity of air which is drawn from the receiver at 
each ftroke of the pump, bears the fame propor- 
tion to the quantity of air in the receiver imrne* 
diately before that ftroke, as the capacity of the 
barrel into which the air paffes from the receiver 
does to the capacity of the fame barrel and A the 
capacity of the receiver taken together. 

You may remember that in each barrel there 
are two valves, whereof the lower is placed at the 
bottom of the barrel, and the upper is fixed upon 
the embolus or fucker. Now the hollow fpace 
which lies betwixt thefe valves, when the embo- 
lus is raifed as high as it can go, is what I call the 
capacity of the barrel ; for the other part of the 
cavity of the barrel, which is above the embolus 
and the upper valve, is of no ufe in evacuating the 
receiver, and therefore ought not here to be con~ 
fidered. Upon a like account, by the capacity of 
the receiver I mean, not only the {pace immediate- 
ly contained under the receiver, but alfo all thofe 
other hollow {paces which communicate with it, 
as far as to the lower valves.: fuch you may re- 
member are the cavity of the pipe which conveys 
the gir to the barrels, and the cavity in the upper 

, part 



xni V and ttmpreffion of dtr. 167 

patrtf of the gage above the quickfilven Thcfe 
additional fpaces are very fmall and inconfider* 
able, yet if we would be exadt, they alfo muft 
be taken into the account and looked upon as 
parts* of the receiver. 

Now to underftand the truth of the rule, we 
muft obferve that as the embolus is moved up* 
wards from the bottom of the barrel, it would 
lea^e a void fpace behind it, but this effedt is pre- 
vented by the rufhing in of air from the receiver. 
The air, you know, by its elafticity is always en- 
deavouring to expand itfelf into larger dimensions, 
and it is by this endeavour that it opens the lower 
valve, and pafles into the hollow part of the bar- 
rel as the embolus gives way to it, and this it 
will continue to do, till it comes to have the fame 
denfity in the barrel as in the receiver. For fhould 
its denfity in the barrel be lefs than in the receiver, 
its elaftick force, which is proportionable to its 
denfity, would be lefs alfo, and therefore it muft 
ftill give way to the air in the receiver, till at 
length the denfities become the fame. The air 
then which immediately before this ftroke of the 
pump, by which the fucker is raifed, was con- 
tained in the receiver only, is now uniformly dif- 
fufed into the receiver and the barrel j whence i( 
appears that the quantity of air in the barrel, is td 
the quantity of air in the barrel and receiver to- 
gether,, as the capacity of the barrel, is to the ca-p 
pacity of the barrel and receiver together. But the 
air in the barrel is that which is excluded from the 
receiver by this ftroke of the pump, and the air 
in the barrel and receiver together, is what was in 
the receiver immediately before ths ftroke ; there- 
in 4, fore 
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fbre the truth of the rule is very evident, that the 
quantity of air which is drawn from the receiver 
at each ftroke of the pump, bears the fame pro- 
portion to the quantity of air in the receiver im- 
mediately before that ftroke, as the capacity of 
the barrel into which the air paftes from the re- 
ceiver, does to the capacity of the feme barrel 
and the capacity of the receiver taken together. 

To illuftrate this further by an example, let us 
fuppofe the capacity of the receiver to be twice as 
great as the capacity of the barrel ; then will the 
capacity of the barrel, be to the capacity of the 
barrel and receiver together, as i to 3 ; and the 
quantity of air exhaufted at each turn or the pump, 
is to the quantity of air which was in the receiver 
immediately before that turn, in the fame pro- 
portion. So that by the firft ftroke of the pump, a 
third part of the air in the receiver is taken a,way, 
by the fecond ftroke a third part of the remaining 
air is taken away, by the third ftroke a third part 
of the next remainder is exhaufted, by the fourth 
a third part of the next, and fb On continually ; 
the quantity of air evacuated at each ftroke, di«- 
minifliing in the fame proportion with the quan- 
tity of air remaining in the receiver immediately 
before that ftroke : for it is very evident that the 
third part, or any other determinate part of any 
quantity muft needs be dirainiflied in the fame 
proportion with the whole quantity itfelf. And 
this may fuffice for the proof of what I aflerted 
in the firft place, that the quantities exhaufted 
at every ftroke are not equal but are perpetually 
diminished. 

I {hall now proceed to fhew, that the air re? 

maining 
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tnauiing in the receiver after every ftroke is dimi- 
ni&ed in a geometrical progreflion. It has beea 
proved that the »air remaining in the receiver af- 
ter each ftroke of the pump, is to the air which 
j* was in the receiver immediately before that ftroke, 
r as the capacity of the receiver is to the capacity 
of the barrel and receiver taken together ; or ia 
other words, that jthe quantity of air in the rc>- 
ceiver, by each ftroke 01 the pump, is dimini&ed 
in the proportion of the capacity of the receiver 
to the capacity of the barrel and receiver takea 
together. Each remainder is therefore evermore 
lefs than the preceding remainder in the fame 
given ratio ; that is to fay, thefe remainders are ia 
a geometrical progreflion continually decreafing. 

Let us return again to our former example, 
which may afford a fomewhat different light into 
this matter. The quantity exhaufted at the firft 
turn, you remember, was a third part of the air 
, in the receiver, and therefore the remainder will 
be two thirds of the fame ; and for the like rea- 
fon the remainder after the fecond turn will be 
two thirds of the foregoing remainder, and fo om 
continually ; the decreafe being always made in 
the fame proportion of 2 to 3 ; confequently the 
decreafing quantities themfelves are in a geome- 
trical progreflion. 

It was before proved that the quantities exhauft- 
ed at every turn did decreafe in the fame pro- 
portion with thefe remainders; therefore the quan- 
tities exhaufted at every turn are alfo in a geome- 
trical progreflion. Let it then be remembered, 
1 . that the evacuations and the remainders do both 
4ecreafe in the fame geometrical progreflion. 



1 
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If the remainders decreafe in a geometrical 
progrefiidn, it is certain you may, by continuing 
the agitations of the pump, render them as final! 
as you pleafe, that is to fay, you may approach 
as near as you pleafe to a perfect vacuum. But 
notwithftanding this, you can never entirely take 
away the remainder. If it be faid that you may, 
I prove the contrary thus. Before the laft turn 
of the s pump, which is faid wholly to take away 
the remainder, it muft be confefled there was a 
remainder 5 this remainder, by that laft turn of 
the pump, will only be diminifhed in a certain 
proportion, as has been before proved ; there- 
fore it was falfly faid to be totally taken away. . 

It may not be improper in this place to j(ay 
ibmething concerning the gradual afcent of the 
quickfilver in the gage, upon which we have 
made fome experiments. You have obferved 
that as we continue to pump, the quickfilver 
continues to afcend, approaching always more 
and more to the ftandard altitude in the wea- 
ther-glafs, which you know is about 294- inches, 
being a little under or over according to the va* 
riety of feafons. What I fhall now endeavour 
to make out to you is this ; that the defed of 
the height of the quickfilver in the gage from 
the ftandard altitude, is always proportionable 
to the quantity of air, which remains in the- re- 
ceiver ; that the altitude itfelf of the quickfilver 
in the gage, is proportionable to the quantity of 
air which has been exhaufted from the receiver ; 
that the afcent of the quickfilver upon every turn 
of the pump, is proportionable to the quantity 
evacuated hy each turn. 
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In order to underftand thefe aflertions you are' 
to confider, that the whole preflure of the atmo- 
sphere upon the ciftern of the gage, is equivalent 
to, and may be balanced by, a column of quick- : 
filver of the ftandard altitude. Therefore when : 
the quickfilver in the gage has not yet arrived try 
the ftandard altitude, it is certain the defeat of 
quickfilver is fupplied by fome other equal force, 
and that force is the elaftick power of the air yet 
remaining in the receiver ; which communicating, 
as you remember, with the upper part of the 
gage f hinders the quickfilver from afcending, as- 
it would otherwife do, to the ftandard altitude* 
The elafticity of the air in the receiver is then 
equivalent to the weight of the deficient quick- 
filver ; but the weight of that deficient quickfil- 
ver is proportionable to the fpace it fhould pof- 
fefs, or to the defeft of the height of the quick- 
filver in the gage from the ftandard height; there- 
fore the elafticity of the remaining air is alio pro- 
portionable to the fame defeat. And fince it was 
formerly proved, that the denfity of any portion 
of air is alfo proportionable to its elafticity, and 
the quantity in this cafe is proportionable to the 
denfity, it follows that the quantity of air remain- 
ing in the receiver, is proportionable to the defedE 
of the quickfilver in the gage from its ftandard al- 
titude, which was the firft thing to be proved. 

Hence it follows that the quantity of air which 
Was at firft in the receiver before you began to 
pump, is proportionable to the whole ftandard 
altitude ; and confequently the difference of this 
air, which was at firft in the receiver and that 
which remains after an ycertain number of turns; 
6 that 
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tfyat is, the quantity of air exhaufted, is propor- 
tionable to the difference of the ftandard altitude 
and the before-mentioned defedt, that is, to the 
altitude of the quickfilver in the gage after that 
number of turns 5 which was the fecond thing 
to be proved 

And from hence it follows that the quantity 
of air exhaufted at every turn of the pump, is 
proportionable to the afcent of the quickfilver 
upon each turn, which was the laft thing to be 
made out. And thefe conclufions do very well 
agree with the experiments, which (hewed us the 
quantity of air that was exhaufted, by the quan- • 
tity of water which afterwards fupplied the va- 
cant place of that air in our receiver (a). 

Let it then be remembered, that the quantity 
exhaufted at each turn, is proportionable to the 
afcent of the quickfilver upon that turn; that the 
whole quantity exhaufted from the time you be- 
gan to pump, is proportionable to the whtfle al- 
titude of the quickfilver ; that the quantity re- 
maining in the receiver is proportionable to the 
defedt of that altitude from the ftandard. 

To come now to the application of the other 
experiments which we made this day. We found, 
by meafuring, that the feveral afcents of the quick- 
filver in the gage, upon every turn of the pump, 
were diminished in a geometrical progreffion, and 
it has juft now been proved that the quantities of 
air exhaufted at each turn are proportionable to 
thofe afcents v Therefore we may fafely conclude 

from 

(a) This receiver, like the bottle defcribed in Exp. x. pag. 
9, 10, had a ftop-cock cemented to it, to hinder the return of 
the exhaufted air, and to admit water in its ftead. 
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feom experiment alfo,. what we before colle&cd 
by a train of reaibning, that the quantities of air 
exhaufted at every turn of the pump, are dimif 
gifted continually in a geometrical progreffion, 
/Furthermore, fince thofe afcents are the dif- 
ferences of the defeats* from the ftandard alti- 
tude, upon every fucceffive turn of the pump, it 
follows that the defeats alfo are in the fame de- 
jcreafing geometrical progreffion. For it is a ge- 
neral theorem, that all quantities whofe differ- 
ences are in a geometrical progreffion, fo long as 
the quantities continue to have any magnitude 
are themfelves alfo in the fame geometrical pro- 
greffion. The defeds being then in a decreafing 
geometrical progreffion and the quantities of air 
remaining in the receiver being proportionable, 
as was lately proved, to the defeats, it follows 
from the fame experiments, that the quantities 
of air which remain in the receiver after every 
turn of the pump, do decreafe in a geometrical 
progreffion ; which was the other thing con- 
cluded alfo by a train of reafoning. 

Before I difmifs the confideration of the air- 
pump, it remains that I add fomething concerning 
the ufe of the two tables, which I have put into 
your hands. They are defigned to flievfr the num- 
ber of turns of the pump, which are requifite to 
rarefie, in any given proportion, the air contained 
under any receiver. The fifft table in particular 
is fitted for receivers whofe capacity is the fame 
with the capacity of the barrel, and the numbers 
of the firft column of it exprefs the degrees of ra- 
refaction, as thofe over againft them in the fecond 
column exprefs the number of turns, with their 

decimal 
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decimal parts, which are r equifite tot produce 
thofe degrees of rarefadtion. Thus for example, 
if it were required to rarefie the air, under fech 
a receiver, an hundred times above its natural 
rarity, I feek for the number ioo in the firft co- 
lumn, and over-againft it in the fecond I find the 
number 6.644, by which I underftand that the 
air will be rarefied an hundred times by 6 turns 
of the pump and 644 thoufandth parts of a turn* 
So if it were defired to rarefie the air under the 
fame or an equal receiver 10 thoufand times more 
than in its natural ftate, I perceive there will be 
j 3 turns and 288 thoufandth parts of a turn re- 
quifite for that purpofe. 
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64 
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4 


2 


80 
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5 
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90 


6.492 
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7 
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7 
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9 
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8 
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20 
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3° 


4.907 
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9 
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32 


5 
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40 
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800 


9.644 
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The receivers which we (hall have oceafion to 
make ufe of in cur experiments, are generally 
much bigger than the capacity of each barrel of 
the pump, and by being bigger, Will require a 
greater number of turns than thofe fet down in 
the fecond column, to rarefie the air in the de- 
grees which are exprefied in the firft column. It 
may perhaps at firft view, feem not unreafohable 
to think that the number of turns requifite to 
rarefie the air in any certain degree, fhould ex>» 
ceed the numbers of the fecond column, .in the 
fame proportion by which the capacity of the 
receiver exceeds the capacity of the barrel. But 
if the matter be examined more clofely, it will be 
found, that the number of turns do not increafe 
in fo great a proportion as the capacity of the re- 
ceiver does. . 

What that proportion is, by which the num- 
ber of turns is truly increafed, as the capacity of 
the receiver becomes bigger, may be feen by the 
fecond table, whofe firft column expreifes the 
proportion of the receiver to the barrel, as the 
fecond does the proportion of the true number 
of turns to thofe fet down in the firft table. The 
ufe of it will be more clearly underftood by an 
example or two. 

Let 1 us fuppofe the capacity of the receiver to 
be 10* timfcs greater than the capacity of the bar- 
rel, and that we would find how many turns arc 
requifite to rarefie the air under fuch a receiver 
1 op times more than it is naturally rarefied. 

By the firft table we find, as was faid above, 
that if the receiver were equal to the barrel, the 
number of turps would be 6,64^. . But the. re- 
ceiver 
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ceivcr is 19 times greater* Find therefore the 
number 10 in the firft column of the fecond table, 
and over againft it you will fee the number 7.273 
in the fecond CQlumn of the fame table * by which 
you perceive that as the receiver is increafed in a 
decuple proportion, the number of turns are in- 
creafed not fo much, but only fomewhat more 
than in a feptuple proportion. Therefore the 
true number of turns will be found by multiply* 
ing the number 6*644 by the number 7.273, and 
will confequently be 48.322* 





TABLE II. 




Capacity 






Capacity 




of the 


Multiplier 




of the 


Multiplier 


receiver 






receiver 




1 


1. 


60 


41.934 


2 


1.710 




E 


48.866 


3 


'2.409 




55-79* 


4 


3.106 




9 a 


62.729 


5 


3.802 




100 


69.661 


6 


4«497 




200 


1 38.976 


7 


- S-W 




300 


208.291 


8 


5.885 




. 400 


277.605 


9 


6 -579 




500 


346.920 


10 


7- 2 73 




600 


416.235 


20 


14.207 




700 


485-549 


3° 


21.139 




800 


554-864 


40 


28.071 




900 


624,179 


50 


35-°°3 




1000 


693.494 



So if it were deiircd to find the number of 

turns of the pump, which muft be made to ra- 

7 refic 
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refic the air 10 thoufand times above its natural 
ftate, in a receiver which is 50 times bigger than 
the capacity of the barrel ; over againft 10000 in 
the firft, table I find 13.288 and over againft 50 
in thefecohd table I find 35.003, which multi- 
plied together make 465. 1 2 ; this therefore is the 
number of turns requifite for the purpofe. You 
need not be folicitous about the fractions which 
are above any certain whole number of turns ; 
they do not mean, that the handle of the pump is 
to be moved juftly fuch a part of a turn as they 
fccm to denote, for ftridtly fpeaking it need not 
be moved altogether fo much, but the difference 
is inconfiderable, and it would be a lofs of time 
to infift -more particularly about it. It Ayas necef- 
fary to fet down the fra&ions in the tables, that 
no whole number of turns might be loft in the 
product, when you come to multiply them toge- 
ther; butwhen. you have found the produdt, the 
fra&ions belonging to it need not be confidered. 

In making thefe tables, that they might not be 
tpo large, you fee I have omitted feveral interme- 
diate numbers. However they are fufficient for 
the purpofe for which I defigned them; which 
was to give you clearer notions of the operation 
qf pur engine. I fhould here explain to you the 
grounds upon which they were computed, but I 
fear the difficulty of the fubjedt would not permit 
ltae to be generally understood. I fhall therefore 
omit thq doing of it, (b) and only obferve to you 

of 

(b) In a receiver whofe capacity is to that of the barrel of 
the pump* as c to i, the air will Be rarefied r times by a 






1 Of the firft table, that if you take «gr m*Qtoemjpk 
^he firft column which arc in a geomctrioal |wh 

dumber of tttr#s eqqal to ffi r ' 

, '■• ' log. f-fM — log. C m 

For by any ope of the turns, the air will he nmfifcd at 
filiated in the ratio of the fpace c to the fpaee c + i, ;or of 

£ I - i 
I to — ^— ; and therefore wUl h$VQ as many fuch equat aad 

fixeceffive rarefa &ions , as there are equal and fucceflhre ratios 

y continued tQ the 



in this feries. I, 3EI) " TEl* dE? 

f ' f J * 

. term ~*—\ » whole index » is th^ whole number of turns* 
Confequently the total r#io of all the xaw&aions, frr whfcrh 

tye put i to r, is the fame as the ratio of i to | that 

h> of thq firft tern\ of the furies to tb* laft. Thsrefor^ 
r==-X-j , and by the known properties of logarithms, 

the log. r»*x.log. ^^^*xk*-*^~fe»* whence 

log-** 

log. r-f-i — log. £ 
CW. i. Hence in Table I. where c 3&.1, the air wiB be 

rarefied r times by a number of turns equal to '?& r \ . 

log* $. 
> Corel. 2. Call that number /, and ih Table II, where c 
has any propofed value, put m for the correfponding multi- 
plier; then fince the author make* w * = ** we have 

' _* log. 2. 

m =J CSS—; S: 

* log. <: + i — log.*. 
In the authpr's example r =s iqo *nd : * ss io> whfi*Cf &» 
fw T 4 — l Q Sr I0 ° 2.000,00 ' " 
Dr ' / - , ''-lli^- = o^7^- 6 - 6 44.*urn,, «* by 

CW.2,*- ?Sl± 0'30I030O . & 

log. z I — log. 10 0.04 1 39x7 "" 7 73 * ** 
«' = »:=: 48.322 turns. 



greffion, 



c Muk and i^nfrnffion of air'. * 7 9 

gcefifbni ttop corriBi|)ODdentnumb<Brspf,thef«cQod 
-w^iintQ \vili tie in arithmetical progreflion. It 
may alfb be obferved of the fecond table that the 
difproportion of the correfpondent numbers does 
^Wl&ually incpeafe from the beginning to the 
€Bd| how far fower it be continued, but yet does 
iM«er exceed the difproportion of 1 3 to 9, 
, It is time now t)i£t we proceed to the conden- 
ifer. This inftrument will not require much to be 
laid concerning it. When I aflert that equal quan- 
tities of air, namely, as much as the barrel can 
fcatur&Hy contain, are intruded into the receiver 
at each ffroke of the forcer, the thing i$ fo very 
obvious that I believe I need not go about to 
prove it. For you cannot but eafily underftand, 
th&t as the embolus or forcer is drawn upwards 
. frwa: the bottom of the barrel, there is a vacuity 
left behind it, till fuch time as it comes to get 
- above the little hole, which is made in the fide of 
the barrel towards the top of it. For then the 
external air is permitted to pafs freely through 
.that hole into the aforefaid void fpace, and con-, 
fequeatly the barrel will then have as much air in 
it, as it can naturally contain. And as the forcer 
is moved downwards, this air is compreffed, and 
.by coqfipreffion'ismore and more condenfed, till 
at length the force of its elafticity becomes greater 
than the elaftick force of that which is contained 
witfein the receiver, and thereby it will open the 
vValv? afid make way for itfelf to enter totally into 
the receiver, as it is continually pufhed forwards 
; by-tfee descending embolus. Since then the quan- 
tities intruded at each ftroke of the forcer ^re 
tSqHflJ, it manifeftly appears that the quantities 

M z in 
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in the receiver, and confequently the degrees $f 
condenfation, do increafe in &n arithmetical pro^ 
greflion. 

Let us now examine by what fteps the quick-* 
filver in the gage advances at each ftroke. What 
I (hall endeavour to prove as to this matter is this, 
that as the quickfilver is moved forwards in the 
gage upon every fucceffive ftroke of the forcer, 
the fpaces at the end of the gage, which are yet 
left free from the quickfilver, do decreafe in a 
mufical progreffion. 

But in the firft place it may hot be amifs to 
explain in fome meafure the nature of mufical 
progreflions, fince thefe are not generally fo Welt 
underftood as thofe which we call arithmetical 
and geometrical progreflions. In order to do this; 
I fhall propofe an inftance which firft gave oc- 
cafion for the name. 

It is a thing well known among muficians, if 
three chords or fixings, in all other refpe&s alike* 
be of different lengths, and thofe lengths be to v 
each other in proportion as the numbers 6, 4 
and 3, that the founds of thofe firings will exprefs 
the principal and moft perfedt of the mufical con- 
cords, namely, an eighth, a fifth, and a fourth. 
Thus the found of the laft will be an o&ave to 
the found of the firft, and the found of the fecond 
a fifth to the found of the firft, and the found of 
the laft a fourth to the found of the'- fecond.' 
Hence thefe numbers 6, 4 and 3, which exprefs 
the proportions of thofe mufical firings, were faid 
hot improperly to be in a mufical progreffion • 
Now it was eafy to be bbferved, that thefe •ntim*-? 
bcrs were reciprocally proportional to three other 
6 numbers 
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numbers refpe<ftiv$ly,„ viz. 2, 3 and 4, which 
w$f e in, arithmetical progreffion $ and thence it, 
came to pafs, that any other feries of numbers 
was faid.to be in a mufical progreffion,. which 
had *he fame property of being reciprocally pro- 
porftoftal :XQ: a feries of numbers in arithmetical; 
prsg^ffion* . 

, Th$t therefore is a feries of mufical propor- 
tionals which is reciprocal to another feries of a- 
rithmetical proportionals. 

But befides this, you may obferve another pro-, 
perty belongings to the above mentioned numbers, 
6, 4 »nd 3, wis, .that the firft is to the third, as 
the difference of the firft and fecond, is to the dif-> 
:for£Qce of the fecond. and third* And this pro- 
perty does equally belong to all other numbers, 
which are reciprocally as a feries in' arithmetical 
progreffion, that is, to all other numbers which; 
aye in a qiufical progreffion. 

Hence if any two fucceeding terms be given,- 
the third may be fpund by dividing the produdt 
of the firft and fecond, by the difference which 
arifes in fubftra£king the fecond from the double 
of , the firft. Thus in the progreffion 6, 4 and 3, - 
the prod \xA of the firft arid fecond terms 6 and 4 
is 24, and the difference which arifes by fubftradl- 
ing , the fecond term 4 from 1 2, the double of 
the firft is 8, and the quotient which emerges by 
dividing the product 24 by the difference 8 is 3, 
the thtfd ter m in the progreffion required. 

I £hall now go on to fhew that the fpaces un- 
pofleffed by the quickfilver at the end of the gage, 
decreafe in a mufical progreffion. 

';■ i '..-'-. m 3 • - It 
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It muft be obferved therefore, th^t the quick* 
filver in the gage is contiguous on one fide to the 
air within the receiver, and on the dther fid* to 
the air which is ftiut up at the end of the g^ge, 
and that the denfity of the air in both places is 
equal. For were the denfity 6f the air 4ri tfie' 
receiver greater than the denfity of the aif at |jhe 
end of the gage, its elaftick force would be 
greater, and by that exceft of forcfe the qukk- 
filver would be moved on further towards tke 
end of the gage, till the forces, and confcqufcntly 
the denfities, became equal. After the hm& 
manner if the denfity of the air at the end of 
the gage, "were greater than the denfity of the ait 
within the receiver, the quickfilver would be 
moved backwards from the end of the gage, «tt 
the denfities became equal. It is manifeft there** 
fore that the denfities are equal in both parts 
when the quickfilver in the gage is at reft. Therd^ 
fore fince the denfity of the air in the receiver, 
upon every fucceflive ftroke of -the forcer, wai 
increafed in arithmetical progreflion, it follows 
that the denfity of the air at the end of the gagfc, 
1 is likewife increafed in the fame arithmetical 
progreflion. But the {pace which that air poflfeft* 
ies, is diminifhed in the fame proportion bjr 
which the denfity is increafed, or in other Words* 
the fpaces are reciprocally as the denfities, there- 
fore the fpaces are reciprocally as a feries-oftertiris 
•in arithmetical progreflion ; which is the fame* 
thing as to fay, the fpaces are in a mufical pro- 
greflion. And this conclusion we find to agw$ 
with our experiments, - ..•-- 

LECTURE 



LECTURE X11T. 

A pattti of air weighed in a balance % itsfpeqfick 
- -gravity to thai of *water determined thereby. t 

THE gravitation of the air has in the fore- 
going week been fufficiently proved \yj. 
feveral different methods. We have feen a gifeat 
v^tiety of appearance* which are very clearly ana 
Naturally accounted for upon that principle, ancf 
cannot he explained upon any other. We might 
therefore very jiiftly conclude it to be altogether 
Irue and exaffiy agreeable to nature, upon the 
force of that evidence alone. But the immediate 
evidence of fenfe has always fbmething in it, 
which does more powerfully affeft and convince 
&% than the united ftrerigth of the greateft numr 
ber of inferences drawn out by a fenes of reaibn<- 
irtg. And upon this Account we may fay, that thp 
experiment we have now been making, has af- 
forded us a clearer arid more ,cogent proof of the 
weight of the ait, than any of thofe confideratipna 
we have hithtftb been engaged in, or even than 
all of them taken together. For what can be fur- 
ther expedted or defired to evince an heavy body 
<a be really fuch, than to feel- (if I may fay fo) 
the weight of it in the balance. This experiment 
ftfelf or fome other to the fame effeft, might at 
any time fo eafily have been tried, that I believe 
yott will be much more inclined to wonder, how 
at could 1 have been poflible for any fe<3: of philo- 
sophers to have doubted of the gravitation of the 
air, than to doubt of it in the leaft yourfelves. 
1>M . M4 Xfc 
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^lt muft be confefled that Ariftotle himfelf^o$fi : ? 

fomewhere in his writings aflert this gravit^iQS, , 

and to prove his aflertion he appeals toil)e.4HyQrv 

riment of a bladder full blown; which, foyfl h&> 

weighing more than the fame bladder when.it 

was flaccid, is a manifeft token of the w?ighti<of. 

the air contained in it. But it is certain, however 

unreafonable it may feem, that his followers dj^. 

parted from their mailer, and maintained the cot*-? 

trary for feveral ages together, Galileo feems to? 

havfc been the firft among the modern philofo^ 

phers, who durft venture to oppofe them in thia; 

matter. I formerly gave you an account of the. 

obfervation he had made concerning pumps : thki 

was a fufEcieht hint to a perfon of his fagacity y 

to call into queftion the commonly received doc-? 

trine of the fchools. But the inquifitive genius 

of this great man was not long to be held. in:A*f- 

penfe. He foon refolved upon proper experjk 

ittehts which might afford him a full and perfect 

fatisfa&ion in this bufinefs. What thofe expq- : 

riments were I am now to tell you. 

He took a glafs veflel of a large capacity, having 
a very narrow neck, to which he applied a cover; 
of leather and fattened it as clofe as was poffible 
f o the neck. Through the middle of this cover he. 
put a flender tub?, clofing the leather to it as ex- 
actly as he could. Then with a fyringe he forced; 
into the glafs veflel, through the tube, as great a. 
quantity of air as he conveniently might, fo aa 
not tp endanger the breaking of the glafs. Tbis : 
being done he weighed the veflel, with all thi% 
gomprefled air in it, as carefully as he cpqld, bgj 

the 
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tfcfc help of a moft efcaflt balance ; making ufe of 
vttfy* fine' fand for a cbunterpoife. Afterwards, 
by 5 imcdvering thfctube, he permitted the air* 
which * had been with violence forced into the 
veffel^to make its efcape out again ; and then he 
affpKed the veflel to the balance a fecond time, 
aid' finding it to be lighter than before, he took 
away part of the fand, till at length he had re- . 
dt&ed the beam to an equilibrium again. By this " 
mianiS'he was entirely convinced of the pondero- : 
fity of the air in general, and was fatisfied that 
the' weight of fo much of it as had efcaped upon 
opening the veflel, was equal to the weight of that 
land which he had taken away and referved apart 
by itfelf. This indeed was very evident, but yet 
it was not poflible from this experiment; to form 
any conclufion concerning the precife and deter- 
minate weight of any particular quantity of air, 
in comparifon with the weight of other bodies : 
for it could not certainly be known, what the 
quantity of that air was which had made its ef- 
cape, and which was equal in weight to the fand 
he had referved. In order therefore to purfite 
this matter fomewhat further, he contrived two 
other different methods of making the experi- 
ment. The firft was after this manner. 

He took another veflel in all refpedts alike to 
the* former, which had alfo a cover of leather fix- 
ed to it. Through this cover he caufed to.pafs in-- 
to this fecond veflel, the end of the tube which 
ftood out of the former veflel and was clofed up, 
and at J the fame time he took care to bind the co- 
ver of the fecond veflel as exatfly as was poflible 
v . to 
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to the tube. This being done, the necks ofrthd 
veflels refpe&ed each other* and had a c&riunim; 
nication by means of the tube* fo foo* as the 
ctofed end of it, which lay in the fecftnd veficfc* 
was opened. Now the end of the tube was open- 
ed by a long and Header iroft pin, paffing through:; 
a fbull hole made at the bottom or oppofite end! 
of the fecond veflel. But I ought to toll you* 
that before thefe veffels were thus joined toge- 
ther, the fecond was filled with water, and the* 
weight of the firft, with all its included and com* 
prefled air, was found by a counterpoife of iand 
as before. Things then being thus dHpofed and 
prepared, and the end of the tube being opened 
by means of the iron-pin, it is eafy to under- 
fUnd that the comprefied air will rufh forth with 
violence into the fecond veflel, till that which re- 
mains behind in the firft veflel be reduced to iter 
natural denfity. Now as the air forces its way 
into the veflel filled with water, it muft aecefla* 
riiy happen, that part of this water will be ex- 
pelled, through the hole at the bottom of the.' 
veflel, to make way for the air; and the bulk of 
the water which is expelled, will be equal to the? 
bulk of the air which came forth from the firft 
veflel into the fecond. The weight of that air»; 
which came out from the firft veflel, is to be found 
by weighing the firft veflel again after that air is 
gone out of it ; and this weight of air, compared 
with the weight of that equal bulk of water* 
which was expelled and referved, will give the* 
proportion of. the fpecifick gravity of air to thfcr 
fpecifick gravity of wfrter* By thi* method Gm 



Z&tf >f*Ms us, 1m fqtmd tb«t air, was about 400 " 
times lighter than water* 

The other method which he propofes, is fame- 
w&at more expeditious, it requiring only onei 
veffel, which muft be fitted up as the former of 
thofe two, which have been juft now defcribed* 
But here inftead of forcing in more air than the 
vsflel does naturally contain, he chufes rather to 
force in water, whereby the air contained in the 
veffel is compreffed and condenfed, care being 
taken that no part of it efcape out, as the water 
is forced ijj. Suppofing then afufficient quantity 
of water to be forced into the veflbl, which may 
conveniently enough be as much as will fill i of 
it, the whole muft be weighed with great exaft- 
nefs# Then the neck of the veffel is to be placed 
upwards, arid the tube being opened, the air will 
be at liberty to expand itfelf, and fuch a part of it 
will go out, whole bulk is equal to the bulk of 
water which was forced in. This being done, 
the veffel muft be weighed again, and this laft 
weight will be fo much lefs than the former, as 
the weight of the air which went out amounts 
t&i and confequently the fpecifick gravity of air 
will be to the fpecifick gravity of water, as that 
defeat is to the weight of the water which was* 
forced into the veffel. 

Siach wefe the contrivances of this admirable 
Italian philofopher at a time when the reft of the 
world had altogether different notions of thefe 
matters, and long before our air-pumps or baro- 
meters were invented. It is a fatisfa&ion to un~ 
(Jefftaad by what methods thefe enquiries firft 

began. 
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began. But befides this, you have alio anatftfer 
advantage from the account I have beeix giviag* 
you ; my meaning is, that you will from hence 
be enabled to frame to yourfelves appreheofions 
of various other ways of doing the fame thing, 
different from thofe I have been relating, or that 
which we have been pra&ifwg. It would be 
cndlefs to defcribe the feveral methods which 
have been propofed by curious and inquifkivc 
men, or to tell you what methods I could myfclf 
contrive to the fame purpofe. The firft experi- 
ment of this nature which was gencijdly taken 
notice of, and became in its time very famous, 
was that of Merfennus. Omitting therefore all 
others, I fhall content myfelf with the account 
of his manner of trial. * 

He procured to himfelf an ^Eolipile, being an 
hollow globe of brafs with a very flender neek» 
This he placed in the fire till it became red-hot,: 
and immediately weighed it by a balance whilft it 
remained fo. Afterwards he let it cool and then 
weighed it again i and finding its weight to be 
greater than before, he concluded that the excdfs 
was the weight of that air which had been exf>ell- 
ed by the heat, and had been permitted to return 
again upon the cooling of the globe. Thus he 
was fatisfied that the air was a ponderous body, 
but in what meafure it was fo, he could not by 
this experiment alone determine. He therefore 
repeated the trial again, and found the weight of 
the globe when it was red-hot to be the fame as- 
before. Then he placed the.ncck of it under wa- 
ter and fuffered it to cool in that poftu^e. Which.; 

being 
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bdhg dbne he found his globe to be almoft filled' 
with Water, and knowing the bulk of that water 
to be the fame with the bulk of the air which was 
expelled with the heat, by weighing that water 
and comparing its weight with the weight of the 
air fbund by the former experiment, he con- 
cluded the fpecifick gravity of air to be about 
1300 times left than the fpecifick gravity of 
water. 

You cannot but take notice of a very great dif- 
ference between this conclufion and that of Gali- 
leo, which I mentioned above. Galileo makes the 
air to be 400 times lighter than water, and Mer- 
fennus makes it to be 1 300 times lighter. If we 
take a mean between thefe conclufions we muft 
fay it is 850 times lighter ; and this agrees very 
well with later and more exad obfervations. You 
have already feen what the proportion was which 
we deduced from our experiment. But I ought to 
tell you, that if our bottle had been bigger, we 
might the more fecurely have depended upon it. 

We have formerly in fome of our firft courfes, 
made ufe of a bottle about 8 times as capacious as 
that with which we made our prefent trial, and I 
can affure you we always found the proportion of 
water to air to be between the proportions of 800 
and 900 to 1, but it generally approached fome- 
what nearer to 900. That larger bottle was pro- 
cured for us by the late Mr. Haukjbee, who him- 
felf made the experiment before the Royal So- 
ciety with the fame, at a time when I happened 
to be thefe prefent. I can therefore witnefs for the 
diligence and care with which he made it. The 
proportion which was found by his experiment 

was 
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was that of 885 to 1 . The method by wttibk'ftd 

proceeded vras the very fame with errors, and theife*- 
fore I fuppcrfb yon to uaderftand it pctfeftly. 
Btit becaufe the recital of it may fervc? to At it 
: the better in your memories, I fhall here fub- 
join his own account of the whole proceft* 

" I took, fays he, a bottle which hetddiore 
" than 3 gallons, but how much more, weiiavc 
44 no occafion at prefent to take notice of, aad of 
r# a form fcmething oval; which figmclmzde 
44 choice of for the advantage of its mow cofy ii- 
44 bration in water. Into this bottle I put as much 
" lead as wou4d ferve to fink it below the furfkee 
** of the wafer. And the reafon why I chofc 
si rather to have the weight of lead enslofed 
" within the bottle, than fixed any where on 
4€ the outfide, was, to prevent the iwcorarenien- 
if cies which ki the latter cafe muft needs have 
* arofe from bubbles of aif : for thefe bubbles 
** would have inevitably adhered to, and larked 
<c in great plenty about the body of the weight, 
44 had it been placed on the outficte, which teuft 
cr have catrfed ibme errors in the computations 
*< of an experiment that required fo' much en&» 
4C ntfs and nicety. Thefe things thus provided, 
•*' the bottle containing common air clo&d up* 
rt was by a wire fufpended in- the watery at one 
c€ end of a very good balance* and was count**** 
r€ poifed in the water by a weight of ^j&^gnrim 
44 in the oppofite feale. Then being taken out 
** of the water and fcrewed to the pump, in* ^vm^ 
** nutes time it was pretty well cxhanfted^ the 
*• mercury in the gage ilanding at near 29* inches* 
"After which, having turned a cock that fcrew- 

"ed 



Awi j&r neighed in a balance. 191 

j ff *d both to the bottle ind the puirip, and (o pre- 
^f vietttcd the air's return into it again, it was 
f* taken off from tho pump, and fufpended as 
^before, at one end of the balance in the water. 
*? r Ajidaow the weight of it was but 175 i grains; 
€€ which therefore fiibftradted from 358 i grains 
^^th6 weight of the bottle with the enclofed any 
4'hdbre it had beenappKed to the air-pump) 
** gave for the difference 183 grains ; which dif- 
*< &ret*ce muft eonfequently be the weight of the 
** quantity of air, df awn from the botde by the 
'f'pump* Having thus determined the weight 
M of the exhaufted air, the cock was opened un- 
«*>xfcer; water, uoon which the water was at firft 
** impelled witn a considerable violence into the 
** bottle (though this force abated gradually af- 
U terwards) and continued to rufh in, till fuch a 
it qulntity was entered, as was equal to the bulk 
« vS the ai* withdrawn. And then the bottle, 
<* being examined by the balance again, was found 
*1 to weigh 1*62 132 grains ; from which fubftraft-* 
W ing> 175 t grains (the weight of the bottle with 
ffi the fmaH remainder of included air, after it 
w was taken from the air-pump,) there remains 
**: 16x9564 grains, for the weight of a mafs of 
^> water equal in bulk to the quantity of air ex- 
*f. Jhaufted, So that the proportion of the weights 
** of two equal bulks of air and water, is as 183 
? to 1 61956 4, or as 1 to 885. 
: : :■•« There are two things particularly obfcrvable 
-^In this experiment. Firftj that in making it af- 
** ter this manner, one need not be very felicitous 
*4 about a nice and accurate exhauftion of the re- 



" cciver 



*.$& <&* 'weighed in a balance. Left. 
" celver : the iuccefs of the experiment does wttt 
€ * at all depend upon it; for to what degree fewer 
" the exhaustion be made, it muft ftill anfwer til 
cc proportion to the quantity taken out. Neither 
" can any more water poflibly enter into the Be*- 
" ceiver, than what will juffc fupply the place, and 
" fill up the room, deferted by the exhaufted air. 
" Secondly the feafon of the year is to be coafi> 
€i dered in making this experiment.. I made It in 
." the warm month of May, the mercury in the 
.*' barometer ftanding at the fame time at 29 ^ 
" inches. From whence it is reafonable to con* 
€€ elude, that a fenfible difference would arifc, 
.*' were it to be tried in the months of December 
" or January, when the ftate and conftitution of 
" the air is ufually different from what it is in 
c# the foremen tioned month. " 

% Thus far Mr. Haukjbeei and l^ere I might con- 
clude what feems to me fufficient to have been 
faid upon this occafion. But before I do fo* it 
may not be amifs in this place to make our en- 
'quiries once more concerning the ftate of the at^ 
mofphere and the different degrees by which the 
air is rarefied at different altitudes above the for-* 
face of the earth. You remember it was proved 
in the foregoing week, that the denfity of the air 
was diminilhed in a geometrical progreflion as the 
altitude of it was increafed in an arithmetical pro- 
greflion. The truth of that rule depends upon 
this fuppofition, that the gravity of bodies is the 
fame at all diftances from the center of the earth; 
But it has been proved and put beyond difpute by 
Sir Ifaac Newton, in his Principia* that the gra- 
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iSty df ^bodies is not ^exadlly the-&me at all di£ 
tames firom the center, but is diminished as the 
diftaitce increafes $ fo that the quantity of it is al-" 
ways reciprocally proportionable to the fquare of 
tfee cftftanqe. From hence it eafily appears, tha t v 
when die altitude of the air above the furface of 
the earth, is very great and very considerable in 
jeipcft of the earth's femidiameter, the rule which 
I formerly gave you will be far from being true;' 
bat if the altitude be froall and inconfiderable, as 
the altitudes of our faigheft mountains muftbe 
confcflcd to be, it will ftill be fufficiently exatf, 
and as fuch it is propofed by Dr. Hatley in the 
Philofophical Tranfadtions, and by Dr. Gregory 
in his Aftronomy, and generally received by 
others without any exceptions. - However, it may 
be worth our while to fee what confequences will 
arife upon the truer hypothefis, which fuppofes, 
as I have faid above, the gravity of bodies to be 
<$*miniflied in the fame proportion by which the 
fquare of their diftance from the- center of the 
earth is increased. In treating of this matter, I'- * 
fear I (hall not be generally underftdod, yet I 
hope I fhali make the thing as eafy as the nature 
o£ it will permit. 

In Fio. 40, let C reprefent the center of the 
earth,* CA its femidiameter, AB a part of its fur^ 
face, and let the line CAD be produced up to 
the extremity of the atmofphere. In this line ima- 
gine -the points D, E, F to be placed infinitely 
near to each other, and 1 take as many other pointa>. 
d, e>f in fuch a manner, that the diftances d C, 
e Ci fC fhall be reciprocally proportionable to 
the .diftances DC, EC, FC refpettively, or in 

N fuch 
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fuch mariner, that the diftances dC 9 eC, fC <hdl 

be lef9 than the femidiameter A C, in the fame 
proportion by which the refpe&ive diftances D C, 
EC, FC are greater than the fame femidiameter* 
the diftances of the letter letters from the center 
being diminifhed in the fame proportion by which 
the diftances of the correfponding greater letters 
from the center are increafed. 

Upon the points A, d, e f f ere<3: the perpendi- 
culars AB, dp, eq,fr, and fuppofe the length of 
thefe perpendiculars to be proportionable to the 
denfity of the air in A, D, E, F refpe&ively, £6 
that the denfity of the air at A(hz\l be reprefented 
by the perpendicular A B, the denfity of the air 
at D by the perpendicular dp, the denfity at E by 
the perpendicular e q, and the denfity at F by fr. 

This being done, I am now to prove, that if 
the diftances CF, CE, CD be taken in a mofi- 
cal progreflion, and confequently the diftances Cf w 
Ce, Cd, be in an arithmetical progreflion, as 
being reciprocally proportionable to the former 
diftances faj, the perpendicularsy>, eq 9 dp, and 
confequently the denfities of the air in the places 
F, E, D, which are analogous to the perpendi- 
culars, will be in a geometrical progreflion. 

In the firft place then, becaufe the diftances of 
the lefler letters from the center, are reciprocally 
as the diftances of their corrcfpondent greater 
letters from the fame, it is manifeft that Cd i$ 
to C e as C E is to C £>, and confequently the 
difference of Cd and C e is to the difference 
of C & and C D, as C e to C D, or (becaufe the; 

(*) See towards the end of Left, xiil 
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paints E and D are fuppofed to be infinitely near 
to each other) a»Cf to CE, or (becaufe Cess 
lefs than € A in fhe fame proportion by which 
CE is greater than CA, and" eonfequentfy Ce, 
CA and C£ are continual proportionals) as 
C Aq is to GEq. 

It is evident then, that de (the difference of 
Cd and CeJ is to DE (the difference of CE and 
C2>y as C^y is to C Eq. 

Therefore if the diftance CE remain unaltered, 
and confequently the proportion of CAq to CEq 
remain unaltered, the proportion of de to DE 
will alfo remain unaltered, and confequently de 
Will be a&jDJE; that rs, de will beincreafed and 
dimimfhed m the fame proportion with DE. 

Bat if DE remain unaltered, becaufe it is al- 
ways greater than de in the proportion by which 
C Eq is greater than C Aq, it follows that de 
muft neceffarily be diminifhed in the fame pro- 
portion by which C Eq k increafed, and increafed 
in the fame proportion by which CEq is dimi- 
nifhed ; or in other words, it muft always of ne- 
ceflity be reciprocally as CE q. 
• Whence it follows, that if neither DE nor 
CE remain unaltered, de will be as DE dire&Iy 
and as C Eq reciprocally, 
. But! the bulk of air between the places D 
. and E is as^DE, and the gravitation of the fame 
is reciprocally as the fquare of CE> its diftance 
from the center; therefore de is as the bulk and 
gravitation together of the feme j and confe- 
quently fince eq is as its denfity; the produ4ft of 
de and eq ?r the area deqp will be as the pro- 

N % du<a 



196 Afecond enquiry into Left. 

du& of its denfity, bulk, and gravitation, that is, 
as its force to comprefs the inferior air. 

And the Aim of all fuch areas below dp will be 
as the fum of fuch forces of all the air above JD, 
that is, as dp the denfity of the air at D ; for you 
know the denfity of the air is always as the forced 
which compreffes it. 

Since the perpendicular dp is as the fum of all 
the little areas below itfelf, and the perpendicular 
eq, for the fame reafcn, is as the fum of all be- . 
low itsfelf, it follows that the difference of e q 
and dp is as the difference of thofe fums, which 
difference is the area eqpd. 

Thus far then we have proceeded : we have 
found that the difference of the perpendiculars eq 
and dp is as the area eqpd comprehended by thofe 
perpendiculars. 

Let us now fuppofe the diftances CF, CE 9 
CD, and fo on, to be taken in a mufical progref-. 
lion, and then, as was faid above, the diftances 
Cf, Ce, C d, and fo on, will be in an arithmetir 
cal progreflion ; and therefore all the intervals , 
de, ef> will be equal, and confequently the areas 
eqpd, which have thofe equal intervals for their 
bafes, will be as their altitude* eq. 

Hence the difference of eq and dp, which wjig 
as the area eqpd, will be as eg, and confequently 
dp will be_as eq. In other words, the two per r 
pendiculars, which terminate the little area in- 
cluded between them, do every where bear the 
fame given proportion to each other : that is, the 
proportion of/> to eq is the fame with the pror . 
portion of eq to dp, and confequently the per- 
pendiculars 
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pendiculars fr, eq, dp, and fo on, are in a geo- 
metrical progreflion. 

But thefe perpendiculars exprefs the denfity of 
the air at the places, F, E, D f and fo onwards. 
Therefore thoTe denfities are alfo in a geome- 
trical progreflion, which was the thing to be 
proved. 

To proceed further; fince Cd is to CA as CA 
is to CD, it follows that Ad is to AD as CA to 
CD, of in other words, that Ad is lefs than AD 
in the fame proportion by which the femidiameter 
of the earth is lefs than the difhnce of the point 
D from the center. 

Confequently to find the length of Ad, we 
muft diminifh.the altitude AD in the proportion 
of the femidiameter of the earth to the fura of 
the femidiameter and the altitude, for which rea- 
fon I (hall call Ad 'the diminifhed altitude of the 
point D; and upon the fame account Ae may 
be called the diminifhed altitude of the point E, 
and Af the diminifhed altitude of the point F ; 
and fo if h be the point which correfponds as 
above to the point H, Ah will be the diminifhed 
altitude of the point H. 

Now it is eafy to obferve that as the diftances 
Cd, Ce, Cf are in arithmetical progreflion, Co arc 
alfo the diminifhed altitudes Ad, Ae 9 Af. 

And from hence there arifes this Theorem. 
That if the diminifhed altitudes be taken in 
arithmetical progreflion, the denfities of the air 
will be in a geometrical progreflion. 

Therefore if the rarity of the air at any one 
altitude, fuppofe at if, be known, you may eafily 
enough find its rarity at any other altitude, fup- 
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^pofe at D. For as the diroinjifhed altitude of the 
point H, is to the diminifhed altitude of the point 
D, fo will the logarithm of the air's taiityyt H, 
which is fuppofed to be known, be to the loga- 
rithm of the air's rarity at D 9 which was to be 
found. 

The whole difficulty of the bufmefs is there- 
fore reduced to this ; to find the rarity of the air 
at fome one altitude as at H. This may be done 
as I formerly fhewed you, by carrying the baro- 
meter to the top of fome very high mountain, 
and obferving the defcent of the quickfilver, Such 
were the experiments made upon the Puy de 
Domme in France jand Snowdon Hill in Wales, 
which I made ufe of the laft week when 1 dif- 
courfed of this fubjedl. 

But the method I (hall now defcribe to you is 
more expeditious/ and depends upon the experi- 
ment which we made this day. It appears, as I 
faid, by many fuch experiments compared toge- 
ther, that the weight of the air is to the weight 
of water as j to about 850. Therefore a column 
of air whofe height is 850 inches or 70 feet and 
10 inches, will be equal in weight to a column 
of water of the fame bafis, whofe height is 1 inch. 
Let us fuppofe that AH, the height of the point 
H above the furface of the earth is 70 feet and 10 
inches ; then becaufe the ftandard height of wa- 
ter in the Pafcalian tube is 34 feet or 408 inches, 
and this height of water is a balance, to the pref- 
fu?e of the whole atmofphere iipon the furface of 
the earth, it is manifeft that the weight of the 
whole column of air, which is fuperior to. the 
point A, is equal to the weight of a column of 

watet 
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water upon the fame bafis, whofe height is 408 
inches. Take from the weight of the whole co- 
lumn of air, the weight of that part of the co- 
lumfr which reaches from A up to H, and which 
was (hewn to be equal to one inch of water, and 
the weight of the remaining part of the column 
which is above the point H, will be equal to the 
weight of 407 inches of water;' Therefore the 
force with wnich the air at A is comprefled, is 
to the force with which the air at H is com- 
prefled, as 408 to 407 ; and the rarity of the air 
at H, is to the rarity of the air at A, in the fame 
propprtion. 

You may perceive that this method fuppofes 
the air to be of the fame denfity in every part of 
the fpace A H, which is not exa&Iy true ; but 
in fo fmall an altitude as that of 70 feet, the 
error is altogether infenfible. However, if you 
have a mind to proceed with the utmoft accu- 
racy, you may do fo, by making the altitude AH 
as fmall as you pleafe fa). 

(a) Both in this and the former folution, pag. 12^, it ap- 
pears, that to find the air's rarity at any propoied altitude, it 
is neceffary firft to determine it by experiment at fome one 
altitude. But the Author has improved thefe folutions in his 
Harmenia Menfurarum^ fo as to find the rarity at any pro- 

dsd altitude without that determination ; which may be 
ked upon as no fmall curiofity, and alfo as a particular 
proof, among many more in that admirable book, of the 
great excellency of the Author's general method of reducing . 
problems to the Meafures of Ratios and Angles, and thence 
immediately to the tables of Logarithms, Dines and Tan- 
gents ; as being the ihorteft and eafieft way, both in theory 
and practice, to an a&ual folution. As an in fiance of this I 
will give his folutions of the problem before us, in the form 
of the following Rules for computation, omitting the geome- 
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LECTURE XV. j 

.Air is the medium that propagates founds : their * 
velocity and manner of propagation. 

FROM the experiments we have been making 
it is eafy to infer this conclufion, that the 
air is that medium by which all founds are pro- 
pagated from fonorous bodies and conveyed to our 
ears. As the air was in part exhaufted from our 
receiver, fo was the found of the bell proportion- 
ably dimipifhed ; and when we feemed tohave 
made an almoft perfect evacuation, the found alfb 

trical reprefcntation of them as requiring a previous know- 
ledge of the Author's definitions of the meafures abovemen* 
tioned. 

Putting / for the logarithm of the rarity required at any pro- 
pofed altitude a> m for the conftant logarithm 0.4342944.819, 
b for the height of an homogeneal atmofphere, reduced every 
where to the denfity of the air we breath, and s for the ie- 
midiameter of the earth ; upon the hypothefis of an uniform 

gravity of the air at all altitudes, we have /= 7- x a ; but 

upon the true^hypothefis of a decreafing gravity, as the fquar$ 

of the diftance from the center increafes, we have/ = r- 
t • ■ * 

In the fame book the Author has alfo given us a general 
folution of this problem, as fimple as thefe particular ones, 
fuppofing gravity to be as any given power of the diftance 
from the center. 

The Author's eft i mate of the height h in p. 116, is 29254 
feet; Sir Ifaac Newton makes it 39 72 5. feet, taking his quick- 
filver to water as 13! to 1, and water to air as 870 to 1, when 
that quickfilver is 30 inches high in the barometer, PbU. 
Princtp. lib. 2. prop. 50. Schol, 

at 



xv. : through the airi ' fioi 

at the fame time feemed almoft entirely to ceafe. 
On the other hand as the quantity of the air was 
augmented by the condenfer* the found received a ¥ 
like augmentation, and as the augmentation of 
the air became yet greater, fo did that of the 
found alfo, and feemingly in the fame me&fure. 5 
It is therefore highly reafonable to concfude, that 
the air is the true and only medium by which all 
founds are propagated from one place to another; , 
for the caufe muft anfwer to its effect, and the 
efFe& to its caufe ; as the one is augmented or 
diminifhed, fo muft the other necefTarily be aug- 
mented or diminifhed in the fame proportion. 

But it may perhaps be faid, that the air con- 
curs only to the production of founds and not to! 
their propagation. For poffibly by the abfence of 
the air, the fonorous body may undergo fuch a 
change in its parts, as to be rendered incapable of 
being put into thofe motions which are abfolutely 
requifite to excite in us the fenfation of found. 
This, I fay, may perhaps be objected to us, and 
if we admit the obje&ion, it muft be confefled 
that our experiments do not prove fo mufch as * 
was intended to be collected from them. For my 
part I muft acknowledge that the fuppolition up- 
on which this objection proceeds, is to me alto- 
gether inconceivable ; for according to my ap- 
prehenfions of the matter, the prefence of the air 
fliould rather obftrudt and in time deftroy thofe 
tremulous motions of the fonorous body, than any 
way contribute to their production. However, 
for your further fatisfaftion, I {hall here add an 
account of an experiment made fome years ago by 

Mr. 



202 Propagation of founds Le#* 

Mr . Haukjbee, and publiftied in the PhUolppbictl 
Tranfaftions ; by which it will appear that founds 
a&ually produced, cannot be transmitted through 
a vacuum. 

" I took, fays he, a ftrpng receiver armed with 
u a brafs hoop at the bottom, in which I included 
" a bell a* large as it could well contain. This re- 
" ceiver I fcrewed ftrongly down to a brafs plate 
" with a wet leather between, and it was full of 
€€ common air, which could no ways make its ef- 
u cape. Thus fecured it was fet on the pump, 
" wnere it was covered with another large receiv- 
u er. In this manner the air contained between 
" the outward and inward receivers was exhauft> 
4S ed. Now here I was fure, when the clapper 
" fhould be made to ftrike the bell, there would 
" be a&ually found produced in the inward re- 
4t ceiver -, the air in which was of the fame den-> 
€€ fity with common air, and could fuffer no alter- 
€i ation by the vacuum on its outfide, fo ftrongly 
€€ was it fecured on all parts. Thus all being rea- 
€€ dy for trial, the clapper was made to ftrike the 
" bell ; but I found that there was no tranfinif- 
" fion of it through the vacuum, though I was 
" fure there was a&ual found produced in the 
" inward receiver/' And from this experiment 
he very juftly concludes, that air is the only me- 
dium for the propagation of founds. 

Now to make us underftand the manner by 
which this propagation is performed, philosophers 
have generally had recourfe to that very obviotis 
inftance of a ftone, or any other heavy body, 
thrown into a pond of ftagnating water. For as 

the 
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the furface of the water forms itfelf into circular 
waves, which are fucceffively propagated from 
the ftoae as from a center, and are continually 
dilated in their progrefs, becoming ftill greater and 
greater as they are further removed from the cea- 
ter, till at laft they reach the banks of the water 
and there vanifh, or dafliing themfelves againft it 
are refle&ed back again ; fo they tell us, that the 
tremulous motion of bodies which is requifite for 
the produ<Sion of founds, does excite in the air 
the like undulations, which are alfo propagated to 
very great diftances in fucceffive rings, every way 
incompaffing the fonorous body ; and thefe un- 
dulations meeting with our organs of hearing, im- 
press upon them a certain tremor, which does ne~ 
ceuarily excite in our minds the fenfation of found. 

It muft be allowed, that this example is proper . 
enough to illuftrate and reprefent to us thofe invi- 
fible motions of the air, by which the conveyance 
of founds is made from one place to another. But 
the comparifon ought not to be carried on too far; 
for it is very certain it will not hold good in every 
refpefl:, and fome philofophers of great note have 
overfhot the mark by endeavouring to make out 
a more ex3& correfpondence than was needful. 

I (hall here take notice only of two particulars, 
in one of which an agreement may be obferved 
in thefe motions of air and water ; in the other 
a difagreement. It is eafy to perceive upon the 
furface of fuch a pond as I have been fpeaking of, 
that the watry undulations are propagated not 
janly directly forwards, but if any obftacle happen 
to be placed in their way fo as to obftrud: their 
7 progrefr 
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progrefs, they will bend their cburfe about the; 
fides of the obftacle, and dilate themfelves by an 
oblique motion, into that part of the pond which 
lies immediately behind the obftacle ; which part 
of the furface of the pond muft have remained 
perfectly fmooth, and could never have partici- 
pated of this undulating motion, if it were not 
otherways propagated than by ftraight lines pro- 
ceeding dire&ly from the central body which firft 
excited it. Imagine a partition to be drawn crofs 
the pond, from the one fide of it to the other, by 
which it may be divided into two parts, and in the 
middle of this partition conceive a fmall aperture 
to be made, by which the water on the one fide 
of the partition, may have a communication with 
thaf on the other fide of it. Then if the water on 
either fide be put into an undulating motion, the 
waves will continue to extend themfelves till they 
arrive at the partition, and there will in part be 
refle&ed back again, and in part be permitted to 
pafs through the aperture ; and after their paflage 
you will perceive them to be regularly dilated 
from the aperture as from a center, and to fpread 
themfelves over the whole furface of the pond 
which lies behind the partition ; not by a dire& 
motion from the place in which they were at firft 
excited, for this cannot be by reafon of the parti- 
tion, but by an oblique and lateral progrefs, their 
courfe being bent as they pafs through the aperture. 
In the fame manner it may be obferved, that 
thofe undulations of the air by which founds are 
conveyed from place to place, arc not only pro- , 
pagated in ftraight lines, proceeding dire&ly from 

the 
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the fonorous body, but if any obftacle happen to. 
be interpofed, they alio bend their courfe about 
the obftacle, and arrive at the ears of the hearer 
by an oblique motion. Thus two perfons may 
very well hold a difcourfe with each other, though 
a very high wall be between them* and it is cer- 
tain the found in this cafe is not carried from the 
one to the other by a direct motion, but after it 
has afcended from the fpeaker to the top of the 
wall, its courfe is there bent, and fo it proceeds 
down again to the hearer. 

Thus if a gun be difcharged on the one fide of 
a mountain, we may eafily hear the found of it 
on the other fide 5 though it be very certain that 
this found could never reach our ears unlefs it 
were propagated obliquely over the top of the 
mountain, or by the fides of it. That thefe things: 
are matter of fadt every body's own obfervation 
will convince him. But philofophers are fome- 
times led on by prejudice, to argue even againft 
matter of fad:. That we may therefore oppofe 
them in their own way, it will be worth our 
while to examine a little into the nature of the 
thing, and to fee what conclufion we may pofli- 
bly infer from thence. 

In order to this I fhall in the firft place endea- 
vour to reprefent to you, as clearly and diftin&ly 
as I can, the manner by which thefe undulations 
are produced in the air and continued ; for thofe 
upon the furface of water need not here be any 
further infifted on, their oblique propagation 
feeming indeed never to have been called into 
queftion. 

We 



2o6 Propagation of founds Le&* 

We are therefore to underftand, thzl the parts 
of the fonorous body, being put into a tremulous 
and vibrating motion, are by turns* moved: for- 
wards and backwards. Now as they go forwards 
they muft of neceflity prefs opon the parts of the 
air to which they are contiguous, and force them, 
alio to move forwards in the £une dire&km with 
themfelves ; and confequendy thole contiguous 
parts will at that time be condenfed ; theft as the 
parts of the fonorous body return back again,, the 
parts of the air which were juii befott condeftfed, 
will be permitted to return with them, and by 
returning they will again expand themfefae*. It 
is manifeft therefore, that the contiguous parts 
of the air will go forwards and backwards by 
turns, and be fubjed to the like vibrating mo* 
tion with the parts erf" the fbnofoa$< body. 

And as the fonorous body produces a vibrating 
motion in the contiguous parts of the air, fo wiH 
thefe parts thus agitated, in like manner produce 
a vibrating motion in the next parts, and thofe in 
the next, and fo on continually. And as the firft 
parts were condenfed in their progrefs and relaxed 
in their regrefs, fo will the other parts, as of tea 
as they go forwards, be condenfed, and as often 
as they go backwards, be relaxed* And tbtre&re 
they will not all go forwards together and alt go 
backwards together ; for then their refpe&ive 
diftances would always be the fame, and conse- 
quently they could not be rarefied and condenfed 
by turns ; but ifceeting each other when they are 
condenfed, and going tram each other when they 
are rarefied, they muft neceffarily one part of them 

go 
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go forwards whilft the other goes backwards, by- 
alternate changes from the firft to the laft. 

Now the parts. which go forwards, and by go- 
ing forwards are condenfed, conftitote thofe pnTfes 
which flrike upon our organs of hearing and other 
obftacles they meet with ; and therefore a fuc- 
ceffion of pulfes will be propagated from the fo T 
Horous body. And becaufe the vibrations of the 
fbnorous body follow each other at equal inter-r 
vals of time, the pulfes which are excited by 
thofe feveral vibrations will alfo fucceed each 
other at the fame equal intervals. You fee then 
that the undulations of the ait confift in a fuccef* 
five and interchangeable rarefaction and conden- 
sation of its feveral parts, as thofe of water coAt 
lifted of fucceffive and interchangeable afceate 
and defcents of the feveral parts of the water: the 
pulfes or denfer parts of the air correfpond to the 
afcents of the water* and as thofe elevated parts 
of the water defcertd again by the force of their 
graivity, fo thefe denfer parts of the air expand 
themfelves again by the force of their elafticity. 

This further may be obferved, that though the 
ptiifes are carried on to very great diftances by a 
dife<5t progreffive motion, yet the fpaces in which 
the parts of the air perform their vibrations, may 
be very fmall and inconfiderable. To propagate 
the pulfes, it is not requitfite that the whole body 
of the air fhould be moved on dire&ly forwards 
as in the cafe of winds ; for by fuch a motion, as 
was faid above, the feveral parts of the air would 
always retain their refpe&ive diftances from each 
other, and confequently they could not be.fuccef- 
, fively 
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fively and interchangeably rarefied and condenf- 
ed, and thereby no pulfe would be made. It is 
therefore abfolutely neceflary that they move 
backwards and forwards by turns ; and how fmall 
lbever the fpace is in which their vibrations are 
performed, it will be fufficient to caufe a fuc- 
ceflive condenfation of the parts ; in which fuc- 
ceffive condenfation the progrefs of each pulfe 
confifts. 

It now remains to be proved that thefc pulfes 
and undulations are propagated not only diredlly 
forwards, according to the tendency of the mo- 
tion of the parts of the fonorous body, but fide- 
ways alfo, fpreading themfelves obliquely into 
the neighbouring regions of the air, which 
would otherwife remain at reft, as lying out of 
the tradt of their diredt motion. This neigh- 
bouring air, which borders on the fides or edges 
of that trad, being in its natural ftate of expan- 
fion, will be rarer than the air which makes the 
pulfes, and' denfer than that in the intervals bey 
tween the pulfes. It muft therefore neceflarily 
come to pafs, that the air of the pulfes will ex- 
pand itfelf laterally into thofe parts of the bor- 
dering fpaces which are over againft the pulfes, 
and thofe parts of the bordering air, which are 
over againft the intervals of the pulfes, will for 
the fame reafon dilate themfelves laterally into 
the intervals ; and thus the bordering air wilt 
become denfer over againft the pulfes, and rarer 
over againft the intervals, and fo partake of that 
undulating motion which was at firft directly 
propagated from the fonorous body. 

And 
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And as this air which immediately borders 
upon the tradl of direct motion, owes its undu- 
lations to the air contained in that tradt, fo does 
it after the fame manner cotnmunicate the like 
undulations to the air which is next to it on the 
other fide, and that communicates the like to the 
next, and fo on continually. And thus the un- 
dulations are propagated into all the neighbour- 
ing regions ; not always indeed by a motion pro-* 
ceeding in ftraight lines from the fonorous body, 
but if thofe regions happen to lie out of the traft 
of diredt motion, or to be placed behind fome 
obftacle, the propagation is made by fuch a lateral 
and oblique diffufion as has been above defcribed* 
It is evident therefore from the confideration of 
their nature, as well as from experiment and 
matter of fadt, that thefe aery undulations agree 
with thofe of water in being propagated not only 
dire&ly forwards, but alfo obliquely, fo as there- 
by to pervade the ipaces which lie behind any 
obftacle which may be oppofed to their progrefs. 
And the fame may be faid of any other fort of 
motion or preflure which is conveyed by the in- 
tervention of any fluid. And this was the firft 
of thofe two particulars which I thought fit to 
take notice of. 

If the account I have been giving of this mat- 
ter, from the philofophy of Sir Ifaac Newton , 
may any way contribute to a clearer conception of 
the manner by which founds are tranfmitted 
through the air, it will be no lofs of time to have 
infifted fo long upon it. But befides this advan^ 
tage, I had further 1 in my view the decifion of a 
O notable 
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notable queftion among philosophers, coiac^fniEg 
the propagation of light. Some have th<wigh$ 
that the body of the fun does all around jfc, in* 
ceffantly caft out from itfelf, with ao almoii far 
credible fwiftnefs, thofe very fine and delicate 
particles of matter, which: after they have trar 
v.erfed fo vaft a diftance, imprefs upon our organs 
of feeing that peculiar motion which is requifitc 
to excite in our minds the fenfation of light. 
Others on the contrary, and thofe the mo$e an? 
merqus, have believed that the lucifick particles 
which immediately affed: our fenfe of feeing, are 
by no means themfelves. derived from the body 
of the fun, but their motion only ; and this mo- 
tion they imagine to be communicated to them 
from the fun by the mediation of a very fubtle 
and aetherial fluid, whereof they themfelves 
make a part, 

Des Cartes indeed, who held a plenum^ thought 
it fufficient to make the a&ipn of light confift in 
a preflure only,, which he conceived to be inftan- 
taneoufly conveyed from the fun by means of 
that plenum. But this notion was afterwards con* 
futed by a furprizing difcovery of Mr. Roemer, 
who made it evident from obfervatiens of the 
eclipfes of Jupiter's fatellites, that the propaga- 
tion of light was not inflantaneous, though its 
fwiftnefs was found to be almoft beyond compre- 
henfion, as requiring no longer a time than that 
of half a quarter of an hour to pafs from the fun 
to the earth, which fpace a cannon ball would be 
25 years in defcribing. 
, Hereupon Hugenius propofeda new hypothec 

fis, 
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£s, in which he fappofes this very fwift, but not 
itiftantaneous motion to be propagated froni the 
fufc by fucceffive undulations of the aether, in all 
refpedts alike to thofe of the air, by which the 
motion of founds is tranfmitted from fonorous 
bodies. When we take a particular view of the 
feveral parts of this hypothecs, it appears to be . 
fo vefy ingenioufly contrived, and fo handfomely 
put together, that one can hardly forbear to wifli 
it were true. But it is very manifeft, from the 
obfervation I have lately been making, that nei- 
ther this nor any other hypothefis can be fo, 
which fuppofes the progrefs of light to depend 
only upon the agitations of a fluid medium, con- 
veyed fucceflively from the luminous body to our 
fenfes. For if any fuch hypothefis were true, the 
confequence of it would be this, that light would 
not go dire&ly forwards in ftraight lines frorft 
the luminous body, but might alfo difFufe itfelf 
obliquely, after the manner of founds, when any 
obftacle happened to be interpofed, and fo it 
might dilate its felf into the fpaces which lie be- 
hind the obftacle ; and thus we (hould have a 
perpetual day even at midnight, and a total c* 
clipfe of the fun's light would be a thing altoge- 
ther impoflible. I might here add fome further 
confiderations concerning the motion of light, 
hut fince I cannot do it without making this di- 
greffion too long, I ihall omit it and return to the 
fubjed; I have undertaken. 

The fecond particular then, which I propofed 

to take notice of, was concerning a certain difa- 

greement of the undulations of air and thofe up- 

O 2 on 
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on the furface of water ; I mean in refpeft of the 
velocity with which they are moved forwards* 
It has been found by many repeated obfervations, 
and is generally agreed on, that all founds are 
tranfmitted through the air with one certain, de- 
terminate velocity ; the greatnefs or fmallnefs of 
the found not in the leaft contributing to the ac- 
celeration or retardation of its motion, Now it 
might be expected that the undulations of water 
fhould alfo, in like manner, fpread themfelves 
from the central body, which excited them, how 
different foever the weight, magnitude and force 
of that central body might happen to be, with 
one fixed and determinate velocity, though that 
velocity were different from the velocity of founds, 
as being propagated through a different medium. 

GaJJhidus indeed, who imagined a perfect cor- 
refpondenee between thefe waves of water and 
thofe of the air, by which founds are conveyed, 
was of opinion that the matter flood thus : but 
his opinion has juftly been cenfured by the fa- 
mous Florentine Academy del Cimento, who 
found it would not anfwer upon trial. They tell 
us on the contrary they have obferved by frequent 
experiments, that by how much the ftone is 
larger, qjicf the force greater wherewith it is 
thrown into the water, by fo much the circles 
approach the ihore fwifter. 

Sir Ifaac Newton in his excellent Principia Phi- 
lofopbicehzs carried this matter fomewhat further,. 
He confiders the nature of thefe waves and the 
manner by which they are formed ; and from 
that confideration he determines their velocity 

a priori. 
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a priori. His conclufion is this, that as thefe 
circles are excited by a greater force, and confe- 
quently their diftances from each other become 
greater, their velocities will be increafed in a fub- 
duplicate proportion of their diftances. Thus if 
the force be increafed fo much, that the diftances 
of the waves become four times as great as be- 
fore, their velocities will be double ; if the dif- 
tances become nine times as great, the velocity 
will be triple ; if the diftances are fixteen times 
as great, the velocity will be quadruple, and fo 
on. And more particularly he fhews that the 
velocity in all cafes is fuch, that if the length of a 
pendulum be taken equal to the diftance of the 
waves, thofe waves will defcribe a fpace equal to 
their diftance whilft that pendulum performs its 
vibration. And therefore if the diftance of the 
waves be 39.2 inches, they will defcribe that fpace 
in a fecond of time ; but if the diftance be great- 
er or lefs than 39.2 inches, the fpace defcribed irn 
a fecond of time will be augmented or diminilh- 
ed in the fubduplicate proportion of that by 
which the diftance is augmented or diminifhed. 

His manner of making out thefe conclufions is 
very curious, and I believe I might render it fiif- 
ficiently intelligible; but fince it is not abfo- 
lutely neceflary to my purpofe, I rather chufe to 
refer you to his book. That which more imme- 
diately belongs to our prefent confideration, is the 
velocity, of founds, and this is alfo determined a 
priori, from its caufes, by the fame incomparable 
philofopher. The train of reafonirig which he 
makes ufe of on this occafion is.fo wonderftjlly 
• fubtile and requires fo very clofe an attention, that , 

O 3 I think 
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f think it not proper in this place to enter iftto 
every particular of it ; and it may perhaps be fiifW 
ficient to underftand in general the method by 
which he proceeds, . 

You have already feen, that in order to form 
thofe undulations which are requifite for the coin 
vcyance of founds, *v<?ry particle of the air muft 
be moved forwards and backwards by turn?* 
^vithin a certain very fmall fpace. He goes oA 
yet further, and fhews that this progreffive and 
regreffive motion is not uniform, biit is by de* 
grees accelerated and retarded i and in part icu Jap 
that the laws by which this acceleration and re~ 
tardation is regulated, are exactly the fame with 
thofe to which the motion of a pendulum is fubje£fc 

This being demonftrated, he conceives the at- 
mofphere to be reduced to fiich an uniform ftate^ 
that its denfity in every part of it may be the fame 
with the denfity of the air at the furface of the 
earth. The height of the atmofphere fo reduced, 
you remember, was formerly prayed to be about 
c4- miles. To this height he imagines a pendu* 
fom to be equal in length, and then making his 
enquiry concerning the proportion of the timei 
in which the airy particles and that pendulum 
perform their refpe£tive vibrations, by comparing 
the fpaces defcribed and the forces with which 
they are defcribed together, he finds that the time 
of the particles of air, is to the time of the pen- 
dulum, as the diftance of the waves of air from 
each other, or the latitude of the pulfes, is to the 
circumference of a circle whofe femidiameter h 
the length of the pendulum, or that height of the 
atmofphere which was before mentioned. 

Now 
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' Now die pulfes by going forwards defcribe a 
fpace equal to their latitude in the time that each 
particle of the air performs its courfe. . 

Therefore the time in which the pulfes de- 
fcribe their own latitude, is to the time in which 
the pendulum performs its vibration, going for?* 
' wards and returning back again, as the latitude 
of the pulfes, is to the above-mentioned circum* 
ference. 

And from hence lie deduces this conclusion \ 
that the velocity of thefc aery pulfes, or which is 
the fame thing, the velocity of founds, is of fuch 
a quantity, as to defcribe a foace equal to the cir- 
cumference of a circle whofe femidiameter is the 
height of the atmofphere, in the time that a pen- 
dulum, whofe length is the fame with that 
bright, performs its vibration, by going for? 
wards and returning back again. Or to exprefs 
the ftme thing by afomewhat different but eafier 
manner, that the velocity of founds is equal to 
the velocity acquired by an heavy ^body in falling 
from half that height of the atmofphere, fup- 
pofed to be of the fame uniform denfity in all 
its parts. 

From this conclufion he proceeds to his com- 
putation, and after all due allowances are made, 
lie finds that the number of feet which founds 
defcribe in a fecond of time, is 1142; which 
-agrees with the moft exadt obfervations. And 
this again is another full and perfeft proof, that 
the air alone, and not any other more fubtile 
iluid, which may be imagined to be interfperfed 
through the body of it, is the proper vehicle of % 
foijnds. ;...'. 

o 4 it 
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It muft. indeed be confeflcd, that thofe who : 
have obferved the motion of founds, have not aU 
ways agreed in their meafures ; but then their 
clifagrcement is to be afcribed to a want of exaift- ; 
nefs in the methods they ufed, or to the fmallneft 
of the diftances at which their trials were made. • 
J {hall here give a relation of fome obfervations 
which may beft be depended on. 

CaJJini, Picard and Roemer, three excellent 
jnembers of the French Academy of Sciences, * 
made their experiment at the diftance of about a 
mile and an half, and found that the fpace de- 
fcribed in a fecond of time was 1 172 feet. The 
Florentine Academy del Cimento made their trial 
at the diftance of about 3 miles, and found that 
the fpace defcribed in a fecond of time was 
j 1 48 feet. Dr. Halley and Mr. Flamjleed, by 
an obfervation made at the fame diftance con- 
cluded upon 1 142 feet. And this laft deter- 
mination is confirmed by the moft exa£t en- 
quiries of the Reverend Mr. Derham Re&or of 
Upminfter in Eflex, and Fellow of the Royal So-* 
piety, who has lately published inthe Philofophi-r 
cal Tranfaftions, a particular treatife upon this 
fubjed: •, giving an account of feveral obfervations 
mjide by himfqlf with the utmeft care and dili- 
gence, for the fpape of three years together, at va^ 
rious diftances from one mile to more than twelve. 
We m^y therefore very fafely conclude, that the 
velocity of founds is of fuch a quantity, as fode- 
- fp ribe very nearly 1 142 feet in a fecond of time. 
I lay very nearly, becaufe it is certain this velo- 
pity may, be a little augmented or diminifhed by 
favouring or contrary winds, and by heat or cold, 

notwithftandlng 
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potwithftanding what fome philofophers have fai4 : 
to the contrary. It is very well known, that winds 
are nothing elfe but a body of the aif moved for- 
wards, with a diredt progreffive motion. If 
therefore that body of air be moved the fame 
way with the pulfes of found contained in it, 
the pulfes by participating of that motion, will 
be accelerated, if the contrary way, the pulfes 
will be retarded ; Co that the velocity of the 
found will in the former cafe be augmented, in 
the latter be diminifhed, juft fo much as the ve- 
locity of the wind amounts to. 

The Florentine Academy and fome others, 
who have defignedly made experiments for this 
purpofe, have not been able to obferve that winds 
had any fenfible influence upon the velocity of 
founds ; and thence it came to be generally be- 
lieved, that there was not any the leaft accele- 
ration or retardation upon that fcore. But Mr. 
Derbam has at length undeceived us. He af- 
fures us, that by many certain obfervations he 
has found an alteration of fwiftnefs, which though 
it be fmall, is yet fufficiently fenfible in thofe 
very large diftances at which he made his trials. 
He tells us he has alfo made many experiments 
concerning the velocity of winds, and in parti- 
pular he fays, that a ftorm fo exceedingly violent 
j as almoffc to overturn a windmill, which flood 
' near the place where he made his obfervation, 
was fouqd by many repeated trials to move not 
above 66 feet in a fecond. Whence it is eafy 
tQ underftand that more moderate winds can 
I cgpfe but a very fmall change in the velocity of 
founds. * — t 

Let 
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Let U9 now go on to confider the effe&ofhfcat 
and cold. Since by heat the air contiguous to the 
iurface of the earth is expanded, it is roanifeft that 
the height of the atmofphcre, fuppofed to be 
every where of the fame denfity with this conti- 
guous air, will be increafed in proportion to that 
expanfion ; and therefore the velocity of founds* 
which is equal to the velocity acquired by an hea~ . 
vy body in falling from half that height, will be 
increafed in a fubduplicate proportion of the fame 
expanfion. And the like may be faid as to the 
effedt of cold, namely, that the velocity of founds 
will thereby hediminiftied in a fubduplicate pro- 
portion of the air's contraction. 

Hence from fome obfervations made upon the 
expanfion and contraction of the air from its 
greateft degree of heat in our climate, to its 
greateft degree of cold, I find that the middle 
velocity of founds may be increafed or diminiih- 
ed about a thirtieth part of the whole ; and by 
tbat means they may move about 38 feet more, 
or fo much lefs than 1 1 42 feet in a fecond of time, 
accordingly as the feafon is either hot or cold to 
an extremity (a). 

(a) By Mr. Haukfiee's experiments (PHrl. Tranf. N° 315} 
tbe proportions of the greateft, middle and leaft expanftons 
of common air in this climate, are expreffed by thefc num- 
bers, 144, 135, 12&, which are as thefe numbers, 32, 30, 
28, as appears by dividing by 4, 5. Suppofing then the 
middle height of the uniform atmofphere to contain 30 equal 
parts, the greateft height will be 32 and the leaft 28 fuch 
parts. Therefore by what has been faid above, the middle 
velocity of founds will be increafed in the fubduplicate ratie 
pf 30 to 32, that is, in the ratio of 30 to 31 very nearly \ 
which increafe is *<* of the middle velocity,, or T V of ri42 
feet, or 38 feet in a fecond of time y and fo much may the 
middle velocity be diminifhed. 

Mr. 
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Mr, Derham tells us he could never obferve 
jany* change of velocity oecafioned by heat or 
cold, but we ought not from thence to conclude* 
agaiaft the theory, that there is none. I am uiv> 
willing to queftion either his diligence or fide^ 
lity, and therefore I choofe rather to fay, that 
ppffibly at the times when he made his trials, 
the quality of the feafon might not be very in- 
tenfe, and confequently the change might be fc 
fniall as to efcape his obfervation j which may 
eafily be admitted, fince at the utmoft: it amounts 
but to the thirtieth part of the whole velocity. 

What he further adds, concerning the variation 
of the height of the mercury in the barometer, 
namely, that this has no influence up<jn the motion 
of founds, may be depended on with more fecu- 
rity j for this is alfo confirmed by the theory. 

It is certain that the height of the atmofphere, 
fuppofed to be reduced to the fame ftate of den- 
sity with the air we breath in here below, is not 
any ways altered upon thofe variations of the ba- 
rometer. For though % the quantity of that uni- 
form atmofphere be often changed, yet fetting 
afide the confideration of heat and cold, the den- 
fity of it is always changed in the fame propor- 
tion, and therefore the height of it does always 
remain unaltered y and confequently the velocity 
acquired by falling from half that height, which 
is equal to the velocity of founds, does alfo re-? 
maiti unaltered. 

I?ence it is eafy to underftand, that the tran£ 
psiffion c£ founds is equally fwift through a rarer 
or denfer air, fuppofing the elafticity of it to be 
augmented or diminished in the fame proportion 

with 
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with its denfity; which always comes to pafs, 
excepting when that proportion is a little difturb^ 
ed by heat or cold. I fhall here conclude what 
I think fufficient to have been faid concerning the 
propagation of founds. 

LECTURE XVI. 

Air fometimes generated, fometimes confumtd ; the 
nature of jaflitious airs ; explofions in vacuo, 
dijjblutions, ferment ations % &c. 

THOUGH the experiments we have been 
making are fufficient to convince us, that 
air may in very great quantities be produced from 
bodies which fuffer any confiderable alteration in ' 
the texture of their parts, whether that altera^ . 
tion be made by almoft infenfible degrees, as in 
putrefactions and very flow fermentations, or 
whether it be made more fwiftly, as in fome dif- 
folutions, or even almoft inftantaneoufly, as in 
the explofion of gunpowder ; yet for the won- 
derfulnefs of it, 1 fhould have added one further 
trial made fome time ago by Dr. S/are, had not 
the danger of it deterred me from attempting to 
repeat it. His own account of the experiment 
is as follows. 

<c We took, fays he,half a dram of the oyl of 
c f caruj-feeds and poured it into a little gally-pot, 
" and put a dram of our compound fpirit of riitre, 
*f in a fmajl vial, into the fame gally-pot, and 
€€ placed ever it a gl^fs that held three pints upon 
" Mr. Pafins exhaufting engine ; and having 
'? foon cleared it of thp air, vfc turned up the vial 
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c in order to fee what eflfeft would enfue, in the 
9 vacuum, upon this mixture -, but in the twink- 
e ling of an eye the receiver was blown up, and 

* the mixture in a flame, which ftupendqus phae- 

* nomenon furprifed and frightened us all. Nor 
' did I ever fee or hear the like by any mixtures 

* made in vacuo, though I have myfelf feen a 
' thoufand. For if we look into thofe many ad- 
4 mirable experiments made by the immortal Mr* 
*• Beyle, the removal of the air did almoft always 
c extinguish light and fire and flame. The blowing 

* up of the glafs does alfo make the experiment 

* the more aftonifhing, and puzzles one how to 
' account for fo great a quantity of air as was pro- 
' duced from thefe liquors, which amounted on- 

* ly to a dram and an half $ for here was required 
c not only air enough to fill up the capacity of 
€ the veflfel, but alfo there was required fo great a 
c preflure within, as did exceed that great incum- 

* bent weight of air that prefled upon this capa- 

* cious glafs without, whofe diameter was fix 

* inches and the depth above eight ; for other- 
c wife it would not have thrown it up into the 

air. If we review and confider well the phae- 
€ nomena of this experiment, we may find the 
c refiftance of fonie hundred weight, that was 
f countervailed, and not only fo, but with a much 
1 greater force exploded. That it was not pro- 
' duced by any expanfion of the common air, 
c for that was feen to rife out of. the liquors 
c themfelves and was drawn out of them in their 

* feparate ftate by the exhaufting engine, which 
' fuffers no elaftical air to lie concealed in any 
1 liquors. That it was produced in aninftant 

« by 
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*' by the mutual collifion and agitation of thefe 
*• active and felf-expanding liquors. That it was 
" not abfolutcly generated de novo, but that the 
*' air was antecedently there, we may reafoiiably 
>' believe, although in a very differing ftatefrom 
* c what it is when in plena* For all that the ex- 
" haufting engine docs, is to deliver the aif from 
" a ftate of compreflion, by leaving it to ftretch 
** itfelf like a bladder, that has full liberty to fwell 
44 up, and has no hard body to ftreighten or op- 
u pofe its expanfion : fo that we have caufe to 
** conclude our liquors to be furniflhed with this 
*< fort ttf &ir, which being by the accenfion of thefe 
€€ two liquors put to a new and violent motion, 

* does expand itfelf de novo, and to that degree 
" as to anfwer fo great an effect as is above-men- 
" tioned. The circumftances of which phaeno- 

• * menon will allow me to call this mixture a fort 
" of liquid gun-powder/' Thus far Dr. Slare. 

I fhall now proceed to give you an account of 
thofe curious and ufeful observations of Mr , Boyle, 
which make up the fecond Continuation of his 
Phyfico-Mechanical Experiments. Thefe being 
the beft and altnoft only trials which havfc yet 
been made concerning factitious airs/T^A are very 
proper to give us what further light may be had 
concerning their nature, and properties. I fhali 
endeavour to make my extract as Abort as con- 
veniently I can, that it may not be too tedfous. 
Thofe who are defirous to fee the particulars of 
each experiment, may corifult the book itfelf at 
their leifure with greater advantage. 

{a) See Dr. Hales's Vegetable Staticks, chap* vi. contain-* 
fog many admirable experiments of that kind, puUi&cdfince 

9ur author** time. 

Article 
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Article i. Several ways ujed to help the tiro* 
duclion of air* 

Bread by itfelf does not readily produce any air 
ia vacuo, but being* very much moiftened and a 
little kneaded, it yields a fufficient quantity ; and 
thence it was concluded, that water is a fit diflbl- 
vent to draw forth air out of bread. The expe* 
rijuent was alfo tried by burning it in vacuo with 
a burning-glafs, and by this means much air was 
generated, which did ever and anon break out as { 

by fulmination. And from thefe trials it was 
thought probable, that the air contained in bread 
is fo clofely confined, that no eafy operation can 
give it a full difcharge ; but if any thing could 
diffolve and loofe that knot, it might then pro* 
duce great effe&s. 

Dried grapes bruifed and put into water, being 
included in a receiver produced much more air 
than others without water. It appears therefore, 
that water is a fit medium to elicit air out of 
them , but it was obferved, that the production 
pf air did not begin prefendy upon the afFufion of 
water, but that it proceeded on with greater 
fwiftnefs after the parts of the water in five or fix 
days time had more deeply funk into and per* 
yaded the grapes. 

Pears were included in two different receivers 
in vacuo, and it was found that in one of them* 
which was expofed to the rays of the fun, much 
more air was generated in the fame time than ia 
the other. Whence it was conje&ured, that the 
production of air is very much promoted by the 
heat of the fun, 

.4 Bruifed 
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Bruifed grapes in vacuo with fpirit of wine pro- 
duced more air than without that fpirit. Whencfe 
it.appeared, that fpirit of wine doth advance the 
production, of air from bodies included in vacuo ; 
though by other experiments it appears wholly to 
hinder that produ&ioh from bodies included m 
Common air. 

From experiments made with apples both 
boiled and raw, both with fugar and without it,, 
in larger and fmaller receivers, it was concluded 
that fugar, the crudity of the fruit, and the large - 
nefs of- the receiver do all contribute to the pro- 
duction of air. 

Art. ii. Several ways to binder the produSlion 

of air* 

' Pafte made with bread-corn -meal, without 
leaven, was put into an empty receiver, and af-, 
terwards the receiver was placed in a certain a- 
partment with a good fire in it, yet the pafte pro- 
duced no air in teft hours fpace. Hence it was- 
thought, that if pafte hath once fufferedtoo much 
cold, it can fcarce recover its faculty of ferment- 
ing. For at afrother time pafte made without 
leaven in the fummer feafon, produced very much 
air in a fhort time in vacuo. 

Dough kneaded with leaven had a qufantity of 
fpirit of wine pfcured upon it, to tfy whether fer- 
mentation would be hindered by that means, and 
it was concluded by the event, that the fpirit did 
hinder the production of air. 

By fome trials upon pears it was collected, that 
fruits included in a receiver, with very much 
\ compreffed 
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compreffed air in it, cannot produce fo great & 
quantity of fa&itious &ir as in a medium lefs denfe. ; 
It w*8 alfo further collected that artificial air is 
ibmetimes produced by iterated turns, and as it 
•were by reciprocations, and that the changes of : 
heat and cold, though they are not the fole caufes 
of fuch reciprocations, yet feem to contribute 
much thereunto. 

The fame things were concluded from expe- 
riments made with parte. Raifins of the fun 
fteeped in vinegar, were placed in an emptied re- 
ceiver, and it was thereby found, that vinegar 
was an hindrance to fermentation and the pro- 
duction of air. 

Plumbs and apricots, many of them being cut 
afunder, were placed in two receivers, in one of 
whidh was air produced from cherries, and in the 
other common air; and it was found by this ex- 
periment, that the artificial air of cherries was a 
great hindrance to the apricots, that they could 
not produce air; yet notv/ithftanding, it was 
thought to advance the alteration of their colour 
and firmnefs, and to be good to preferve their 
tafte. 

Grapes included in common air with ipirit of 
wine and without it, fhewed that in common air 
the fpirit of wine doth hinder fermentation ; tho' 
by other experiments it was found to promote it 
in vacuo. 

Some peaches were included in an exhaufted 
receiver, and together with them fome fpirit of 
wine, which could not touch the peaches unlefs 
it were elevated in the form of vapours. A like . 

P quantity 
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quantity of peaches was alfo included m another 
unexhaufted receiver without fpirit of wine. Afcd 
it was found by this experiment, that the very 
vapours of fpirit of wine, do fomewhat hinder fer- 
mentation and the produ&ion of air ; but much 
lefs than the fpirit itfelf. 

. From experiments made upon pafte with leaven 
and without it, with fpirit of wine and without 
it, it was concluded that leaven doth rather hin- 
der than help the prodtuftion of air, if the pafte 
be not made in a place hot enough ; and that 
fpirit. of wine doth very much prejudice the pro- 
dudtion of air, and the rather if the pafte be 
wrought with the ferment ; and moreover that 
pafte without ferment in tradt of time will pro- 
duce no lefs air than pafte with ferment. 

New ale was included in a receiver exadtiy 
filled that fo no air might be left, and another 
quantity of the fame ale was included in another 
receiver wherein fome room was allowed for the 
air ; and from the experiment it feemed to fol- 
low, that ale if the air be excluded from the vef- 
fel, will ferment more flowly than if fome air were 
left in ; yet in trad: of time, it makes a greater 
compreffion if noplace be left for its dilatation. 

Green peafe in an emptied receiver with fpirit 
of wine and without it, (hewed that fpirit of wine 
doth hinder the produdtion of air from peafe. 

Art. hi. The effedls of artificial air are different 
from the effeSis of common air. 

. From two experiments made upon cherries it 
was concluded, that in artificial air fruits do pro- 
duce 
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dtcce Ief& air, and fo they keep their colour and 
their tafta better : it was alfo obfervcd, that cher- 
ries do contain much air in them, and that they 
produce it very irregularly. 

A trial was made with itnripe grapes in com- 
mon air and in factitious air produced from pears; 
and it was from thence concluded that factitious 
air was fit to alter the colour of fruit and to pre- 
ferments tafte. 

A mixture df common fcir and air produced 
from cherries^ was found to preferve oranges 
bettor than common air alone. 
• Two pieces of beef were placed in different re-* 
ceivers, in one of which was common air, in the 
other cherry-air $ and it was concluded from the 
comparifon of the events; that cherry-air is a great 
hindrance to the production of air from flefh. 

Two onions were put into a receiver full of 
common air, to fee whether vegetation wouldjn- 
creafe the quantity of air or diminifh it; Two 
other onions were put into a receiver with air 
produced from pafte; and it was gathered from 
the event, that artificial air doth not at all hinder 
vegetation, and that not only the fenfible bigrieft 
of the body, but alfo the quantity of air is.in^ 
ereafed by vegetation^ 

Unripe grapes were included in common air 
and in factitious air of pears j and the compari- 
fon confirmed the efficacy of artificial air to alte* 
the colour of fruits. But it was obferved in this, 
experiment, that it prejudiced the preservation of 
tafte, and promoted the production of air, con- 
trary to what had happened in fome of the 
former experiments. 

P 2 Gillifloweri 



228 7%e nature *f Le&, 

Gilliflowers were included in three di&peo* 
receivers, one of which was exh$ufted# another* 
had common air in it, and the third contained 
artificial air of pafte ; and it was obfervcd that 
fa&itious air renders the change of colour more 
fpeedy, yet it prevents mouldinefs, even « ..♦ 
vacuum doth the fame. 

From an experiment made in two receiver* 
with common air and with artificial air of cher- 
ries, it was found, that the alteration of colour 
and firmnefs in apricots is promoted by cherry-* 
air, and that feme part of fuch air is deftroyed ill 
the beginning. 

Plumbs cut afunder were put in three different 
receivers, the oneexhaufted, another full of goof-> 
berry- air, the third full of common airs and by 
this experiment artificial ah* feemed to have pro* 
moted alteration. 

Some peaches were put into a receiver with 
common air mixed with air produced from 
grapes, and the grapes themfelves were included 
in the fame receiver, that the common air might 
be the better faturated with the artificial; and 
from the circumftances of this experiment it ww, 
concluded, that common air doth Corrupt bodies, 
yet it doth much lefs, if it be mixed with fac- 
titious air. 

Equal parts of pears cut afunder were placed 
in four different receivers, one of which was foil 
of common air dofed up, another was full of 
common air but not exactly clo&d, another c©a* 
tained cherry-air, and the laft was evacuated,, ft 
,was obferved, that corruption doth not begin in 
free air focner than in included air; but when it is 

begun, 
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begtitiyit is much moreincreafed arfd there fpeedi- 
lta the included air feeming to be fooner fatiated. 
The aptitude of artificial air for the foftning of 
finite was alfoobferved. And it feemed probable, 
ffc&t the production of air was here promoted by 
the artificial air, though it had fucceeded pther- 
wife with apricots in the other trials. 

• Apricots were included in four different receiv- 
ers, one had common air and was elofed, another 
had common air but was left open, the third had 
* mixture of air produced from pears, the fourth 
contained common air but pretty much com* 
jprefled. 

It was from hence concluded, that the quantity 
of corruption doth depend on the quantity of air, 
*nd *lfb that in fa&itious air alteration is made 
quicker, but in trad of time the corruption is far 
greater in common air. 

$.RT iy. The. effeSls of compreffed air are different 
from the effeffs of common air. 

Onions fet to grow in common and condenfed 
£if, (hewed, that a little compreffion doth not 
prejudice thofe brcrdics which are to be expanded 
by vegetation. 

Tulips and lark-fpurs placed in common and 
Condenfed air (hewed, that compreflion in fome 
plants doth hinder putrefaction and moulding. 

The two halfs of an orange were included in 
Comprefled and common* air; and it was con* 
firmed by this experiment, that compreffed air 
may fomewhat retard corruption, yet in pro-* 
£ref$ ojf time it was made probable by other 
P 3 . experiments^ 
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experiments, that the quantity of corruption dodi 
depend upon the quantity of air. 

Equal quantities of rofes were included in 
common and comprefled air ; and from hence it 
feemed to follow, that comprefled air is fome* 
thing fitter for the alteration of colour than com-? 
jnon air. . 

The two halfs of an orange were again includ- 
ed in common and comprefled air -, and from the 
circumftances of the experiment it was conclude 
ed, that the quantity of mouldinefs doth depend 
pn the quantity of air. 

Two mice were included in common and com* 
prefled air $ and it was found that the moufe in 
the common air had confqmed fomething of that 
air. By comparing the times they each live4 
under their confinement, it was judged that com- 
prefled air was fitter than common air for the 
prolongation of life ; but it is to be obferved thai; 
ihis cqmpreflion was not very great. 

The experiment was tried with flies, and they 
feemed not to. be fenfible of a fmall compreflion* 
nor indeed are they much prejudiced by a rare- 
fa&ion of the air* unlefs there be an almoft com« 
pleat vacuum. 

The experiment was made alfp with frogs, 
but nothing could with certainty be conclude4 
from it. 

Another trial like the former was made with-a 
differed orange, and it was again confirmed that, 
the quantity of mouldinefs doth depend on the 
quantity of air. But it was obferved that the 
mouldinefs did appear a little later in the com- 

fcr 
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ppefled air than in the common, though after- 
wards it increafed much more* 

The like was again concluded by experiments 
made upon rofes* the parts of a limon and up6n 
gilliflowers. 

A moufe was put into a receiver with common 
air, only to try whether he would produce or 
confume air. From the event it was concluded, 
that living animals confume air, but dead ones 
produce it. 

Pears of the fame fort were included ift com- 
prefled air, in common air and in vacuo ; and it 
feemed to follow from the event, that in a great 
compreflion a lefs quantity of air is produced. 

From fome other experiments made upon ani- 
mals, it was found that a very great compreffioh 
of air is noxious and even mortiferous to them* 

Art; v. The effeSts of artificial air upon animalu 

A bee, with diftilled vinegar and pulverized 
coral, were put into a receiver, and the air being 
wholly exhaufted, matters were fo ordered that 
the coral fell down into the glafs of vinegar. But 
the air produced from thente, did not reftore any 
power of motion to the bee ; .but when fhe was 
expofed to the open air, in a little time (he began 
to move herfelf. Hence it was fufpefted that ar- 
tificial air is unfit for the life of animals. 

Two flies were included in a receiver out of 
which the common air being exhaufted, fome 
goofberry-air was made to fupply its place. After- 
wards two other flies were included in vacuo, but 
V .X P 4 with 
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with this difference, that common air was rei- 
ftored to thefe latter flies. The event was* that 
the latter flies recovered thereby their power of 
motion, which they had loft in vacuo, but .the 
former in the factitious air remained irrecovers^tyy 
dead. The experiment was repeated with the 
fame fuccefs ; and this was thought to be an high 
confirmation that artificial air is noxious to the 
life of animals. 

Three receivers being filled with air produced 
from pafte, a' perfumed cone was kindled and 
put into one of them, which being flopped, the 
fire within a minute of time went out, Then 
by blowing with a pair of bellows, the artificial 
air was expelled from the receiver, and the fire 
was again put into it as before, and now it burn- 
ed bright for a pretty long time, though the re* 
ceiver was (hut as fpeedily and as accurately as 
before. Into the fecond receiver a fly was put,, 
and prefently feemed to be dead, but being ex- 
pofed to the fun, fhe recovered again in a fhort 
time. Then common air being blown into the 
receiver, the fly included as before fufFered na 
inconvenience thereby. The fame experiment 
was tried with the fame fly in the third receiver, 
being filled with artificial air, and the fame fuccefs 
followed, excepting that the fly being now longer, 
included, could not fo foon as before be recover- 
ed to health again. Hence it appeared that ar* 
tificial air is not only prejudicial to the life of 
animals, but to flame alio. 

Several other fuch experiments were tried with 
various animals, from whence it was concluded as 

^>efo^ 
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before, that fa&itious air is very hurtful to their 
life; but if mixed with common air it doth not 
fb readily produce its eflfe&s ; it appearing to be 
fo much the more hurtful as it is the more free 
from that mixture. It was alfo made evident, 
that factitious air is a greater enemy to animals 
than a vacuum itfelf, and thence it was collected 
that it kills by fame venomous quality, and not 
only by the defedl of common air. Air produced 
from cherries was found to be fomewhat left 
hurtful to frogs than that produced from pafte j 
air produced from goofberries lefs hurtful to mice 
than air produced from gun-powder; air pro- 
duced from peafe lefs hurtful tp fnails than %i$ 
produced from pafte, 

Art. vi. Animals in vacuo. 

A butterfly being put into an emptied receiver 
was almoft three hours before it was deprived of 
its faculty of motion. Then the air being let in* 
it recovered itfelf againft. After this it was bound 
by one of its horns with a thread, and fo it was 
fufpended in the receiver, and it was carried very 
freely from one part of it to another by clapping 
its wings ; but after the air was extracted again, 
the clapping of its wings was in vain, for it could 
not move the thread in the leaft from being per- 
pendicular. 

By an experiment made upon flies in very much 
Rarefied air, it was concluded that a fmall quantity 
of air may fuflice forinfe&s to breath in. 

Snails were included fo long in vacuo till they 
|eemed to have loft all power of motion, and in 

I that 
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that ftate they produced fome air, though they 
were not fo perfe&ly dead as to be paft recovery. 

Fly-blowings or the eggs of flies were placed 
under a receiver in air much rarefied, and it wa& 
found by the event, that infe&s may be produced 
and may live, if not in vacuo, yet at leaft in high- 
ly rarefied air. 

By another experiment of the like nature it 
was concluded, that infedts could not be generat- 
ed and live in vacuo, though they might in .rati- 
fied air j which thing was alfo confirmed by a 
farther experiment. 

Vinegar full of thofe very fmall eels which may 
be difcovered in it by microfcopes, was for fome 
time included in vacuo, and another part of the 
fame vinegar was kept in the open air ; the eels 
which had been kept In vacuo were all found to 
be dead, though the others in the open air were 
as trifle as at firft. Hence it was evident, that 
even thofe very diminutive animals are alfo af- 
fected with the prefence and abfence of the air. 

Art. vn. Contains fome experiments concerning 
the confumption of fuel by fire in comprejfedair. 

It was concluded from thofe experiments, that 
the quantity of matter confumed in a given fpace 
of time did nearly anfwer to the quantity of coov» 
preffed air, 
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Art. viii. Fire ufed to produce air. 

Paper befmeared with fulphur was burnt in 
vacuo j and fome air was thereby produced, which 
was not at all diminifhed for two whole days. 
This air was afcribed to the paper, for it wajs 
found by other trials, that no air is produced out 
of fulphur alone. 

Some air was produced from harts-horn burnt 
in vacuo, but part of this air was in a fhort time 
deftroyed again, and the other part which pre- 
ferved its elafticity for a full hour after the burnr 
ing-glafs was removed, feemed afterwards not to 
lole it at all. 

Amber produced no air even by being burnt. 

Camphire in vacuo was placed over a digefting 
furnace, and though it was fublimated into flow- 
ers, yet no air was produced. 

Sulphur vivum was melted in vacuo by a burn- 
ing-glafs 1 but the fumes of it did not appear to 
contain any air. 

Pafte that had been included in vacuo for nine 
days, and feemed to have emitted all its air, was 
endeavoured to be fired with a burning-glafs. 
The fubfiding fumes had tinged the furface 
of the pafte with a curious yellow colour, 
and it was conjedtured that fome air was pro-r 
duced. 

Art. ix. Concerning the produSlion of air in vacuo. 

Dried grapes and dried figs were placed in 
yacuo, and it was concluded from the event, that 
4fi?d fruits in vacuo produced very little air. 

Apricots 
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Apricots appeared to produce their air alrifoft 
as eafily in their wonted preflufe as in vacua± < 

By comparing the events of cherries invkcmi 
when whole and when differed, it was con^ted- 
cd, that fome differed fruits, do fooner pr&Aikt 
their air than whole and undivided ones. > 

Cabbages cut in pieces were put into an emptied 
receiver, and it was thought from the cir^orfi^ 
jft-ances of the experiment, that bodies when they 
putrify, have already produced almoft all their air< 

The fame was confirmed by another experi- 
ment made upon apples. 

Two equal quantities of milk were put into 
two glafs receivers of equal bignefs ; the one was. 
left in the free air, the other was evacuated. And 
it was obferved, fir ft, that the coagulation of 
milk, when the air is extracted therefrom, is 
ibmewhat retarded. Secondly, that the butter* 
whey and cheefe are mixed with one another con- 
fufedly in the air, but in vacuo they keep their 
diftind places, and one fwims upon the top of the 
Other. Thirdly, that the putrefaction of milk is 
hindered or very much retarded in vacuo. Laftly, 
that milk by long continuance in vacuo, h made 
unfit to generate worms, even in common air. 

A like experiment was made with ujine* By 
comparing the quantity of air produced in thi* 
experiment, with that produced. in the former* it 
feemed, that urine, which is an excrementitious 
humour, contains lefs air in it than milk, which 
is an alimental humour. And moreover thceffi-n 
cacy of the air to corrupt uririe w^s hereby very 
obfervable. 

Pafte 
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Pafte very much diluted and without leaven, 
being put into a glafs veiTei, was placed in an em- 
ptied receiver, and though the veffel which Con^ 
tained it were not half full before all. the air was 
exhaufted, yet the fame day the pafte had fwollen 
above the brims of the veffel. The next day the 
pafte continued to fwell more and more, and was 
interfperfed with many cavities. The third day 
the pafte was much more tumid than before, and 
much air was generated from it. The fourth day 
in the morning the cover was found to be fepa- 
rated from the receiver by the force of the pro- 
duced air, and fome of the pafte was fbread aoove 
the edges of the receiver, yet its (welling was 
fomewhat abated. In the afternoon its tumid*- 
nefs was much more abated, yet it took up twice 
more room than it did before it was put into the 
receiver. The tafte of it was not acid, and it was 
thought that bread thus made was very light. 

A quantity of beef was put into an exhaufted 
receiver, and it was concluded from the event, 
that flefli, whilft it putrifies, doth produce much 
more air than before if putrifies, though the con- 
trary was before obferved of fruits. 

From an experiment made upon goofberries it 
feemed to follow, that thefe fruits after they have 
produced all their air, admit very little alteration; 
as if that air itfelf were the caufe of corruption. 

By an experiment made upon dried plumbs it 
was confirmed, that dried fruits are very unfit to 
produce air. 

A trial was made with nut-kernels, and it ap- 
peared, that air may without fenfible putrefadtion 
be produced from fruits even of an hard confift- 
cnce. Art, 
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Art* x. Concerning the production of -air above 
its wonted prejfure. . *••• 

An experiment made with goofberries feemed 
to prove, that goofberries. contain much air in 
them, which as foon as it is freed from the ufual 
preflure, doth more readily break forth than 
\yhen it is reftrained by fome ambient air> until 
the goofberries begin to be fermented $ for then 
air is produced in a far larger quantity, even in a 
. great compreflion. 

An experiment made with pafte feemed to 
prove, that air may be produced out of pafte in 
comprefled air as well as in vacuo* 

Horfe- beans contain much air, which they 
produce very irregularly, both in vacuo and under 
a moderate preflure. 

Goofberries produce their air regularly enough 
unlefs fomething be extra&ed out of the receiver, 
for then they acquire ftrength to produce new 
air more fpeedily. 

Grapes produce not all their air but in a long 
tradt of time- 
Pears feemed to produce their air, as it w?re by 
paroxyfms or fits* 

Art. xi. Various experiments i 

Melted lead and melted tin produced no aif in 
vacuo. It was obferved by the** way, that the 
furface of thefe melted metals which were in- 
cluded in a brafs veflel, was concave in vacuo 
after concretion, though in the common air k be 
convex.^ 

Water 
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Water faturated with fait was placed in vacuo,, 
to try whether it would there be converted into 
cryftals, as is ufiial in the free air, but it was found 
it would not. 

Air produced from goofberries wasputinto an 
evacuated receiver furnifhed with a mercurial 
gage. It was found that in the fpace *of half a 
year, no change was made in the height of the 
mercury, and confequently the fpring of this fac- 
titious air was not altered in fo long a time. 

A vial capable of containing 7 ounces, 5 drams 
and 3 grains of water, was exhaufted of its air 
and weighed; then the bladder which covered its 
orifice was pierced with a needle, and thus being 
filled with air again, it was found to be 4 4- grains 
heavier than before, whence it followed that 
water was about 800 times more ponderous than 
an equal bulk of air. 

Aqua-fortis with fixt nitre were placed in a 
receiver, which being exhaufted, the one was 
poured into the other, and much air was thereby 
produced. 

Spirit of wine was found to be very fenfibly 
condenfed by a moderate degree of cold, but not 
at all by a very great compreflion. 

Spirit of wine and oil of turpentine were clean- 
fed of air, then a quantity of the fpirit of wine 
being put into a glafs, fome drops of the oil of 
turpentine were fuperadded to it, which fwim- 
ming upon the fpirit, were whirled about as is 
ufual by an odd motion. Afterwards the veffel was 
placed in an exhaufted receiver, and though nq 
ebullition was made, nor any bubbles appeared, 
2 yet 
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yet the drops continued to be moved in vacuo as 
in the open air. Hence it feemed to follow, that 
the caufe of the motion of the drops is not to be 
afcribed to the diffolution of them, for all diffo* 
lutions in vacuo are wont to produce bubbles* 

A glafs containing fpirit of fal-armoniac and 
the filings of copper was placed in vacuo. In a 
month's time the blue colour given to the fpirit 
by the copper was almoft quite vanished, but up- 
on the admiflion of the air it quickly returned. 

A mixture of aqua-fortis and fpirit of wine 
was diftributed equally into three glafles, inta 
which three equal pieces of iron were put. One 
of thefe veffels being included in vacuo 9 a great 
many ebullitions were made in it. After a quarter 
of an hour the veffel was taken out again, and the 
liquor was found to be black and turbid, where- 
as the other two veffels had their liquor not alter-* 
ed in their colour, but only fome black powder 
did appear at the bottom of them. 

Spirit of fal-armonic with filings of copper 
were again placed in vacuo> and after the fpirit 
had ceafed to emit any bubbles, the filings were 
mixed therewith, which caufed many bubbles to 
break forth again ; but they were fo far from, pro- 
ducing any air, that on the contrary they con-* 
fumed that which was there before. 

Art. xii. Artificial air deftroyed* 

Air produced from cherries was tranfmitted 
into a receiver full of common air. It was con- 
cluded from the event, that air produced from* 

fruits, 
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fruits, at the beginning is in part destroyed -, b\it 
the reft caii keep the forni of air very long, 

Sal-armoniac * was put into a receiver with a 
fufficierit quantity of oil of vitriol, then the air be* 
ipg exhaufted, the fait was put into the oil, where- 
upon a great ebullition prefently followed, and 
the mercury in the gage fhewed a good quantity 
of air to be generated 5 but this by the fame gage 
fbon after appeared to be deftroyed again. The 
experiment was repeated, and ooth the produc- 
tion and deftruftion were flower than before. 
Afterwards oil of vitriol alone was put into a re- 
ceiver, in which only a fifth part of air was left, 
to try whether the oil without fal-armoniac would 
diminifti the'elaftical force of the air; but it fell 
out contrary, that the force of the air was in- 
creafed. It was confirmed by thefe trials, that 
fome artificial airs may be deftroyed, but it was 
thought to deferve a further enquiry, why this 
deftruftion happens fbnletimes fooner and fome-* 
times later. 

Art. xiii» Experiments concerning the different" 
celerity of air produced in vacuo or in commons 
air. 

From thefe experiments made with pafte, the 1 
kernels of filberds, raifinsof the fun and onion?, 
it was concluded,, that fome bodies do more eafily 
produce their air in vacuo than in common or ra- 
refied air. 
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Art. xiv. The difference Betwixt whole or entire, 
and bruifed fruits. 

Bruifed pears did not produce air fo fbon as en- 
tire ones - . The fame was found to hold as to 
bruifed apples and unripe grapes bruifed; but ripe 
grapes bruifed had the contrary effe<£t. . By ano- 
tner experiment upon apples, it was concluded, 
that bruifed fruits do produce lefs air in vacuo 
than found ones, contrary to what happens in 
the common air. The reafon whereof was 
thought to be this, that bruifed fruits are very 
much rarefied in vacuo, and fo the feveral prin- 
ciples of which they confift, cannot aft upon one 
another; but unbruifed fruits, by reafon of the 
entirenefs of their ambient Jtkin, undergo le& 
rarefa&ion. 

Art. xv. Contains fome experiments, 

By which it feemed, that the air at divers 
times is diverfly affedted ; fo that fometimes it 
hath a power to hinder corruption and fometimes 
to promote it; fometimes it readily produces 
mouldinefs, at other times it is unfit for that 
purpofe. 

Art. xvi. Contains experiments, 

By which it appears, that fome bodies, even 
in veflels hermetically fealed, may lofe part of 
their weight by being expofed to the beams of 
the fun concentered with a burning-glafs. 

6 x Art, 
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Art* xvii. Of the preformation of bodies in com- 
prtfled liquors* 

Many experiments are contained under tbisi 
article y th? conclufions made from them are as 
follow* 

That the tafte of fome fruits may be preferred 
in an infufion of faifins of the fun, at lead in vef* 
fels which are able to contain a great compreffion 
of the air. 

That liquors may grow four though no fpirits 
have evaporated from them. 

Th^t fruits cannot be long kept in pulp of ap* 
pies by reafon of the great produdtion of air. 

That the juice of crude grapes cannot conve- 
niently be ufed for the prefervation of fruits, for 
the fame reafon. 

That fermented liquors may be ufeful for the 
prefervation of fruits, as being unfit to produce 
air. 

That beer may be convenient for the preser- 
vation of flcfh, efpecially if it be intruded by force 
into the receiver; 'but this compreffion is fooa 
abated, becaufe the air comprefled in the fame 
receiver is apt to enter into and pervade the pores 
of the beer by degrees. 

That water as well as beer may conduce to the 
prefervation of flcfh . 

That fiihes produce lefs air than flefh, and yet 
that they will be corrupted, though they be for- 
tified againft the air. 

That butter may be kept a great while if it be 
defended from the contact of the external air. 

Q^2 That 
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That corruption may fometimes happen with** 
out produftion of air. 

That even tender bird's flefh may be preferred 
long by the help of beer or ale. 

That fugar is not fo fit for the prefervation of 
fruits as fermented liquors.' 

That milk may fometimes be ufed with good 
fuccefs for the prefervation of flefli. 

That butter melted and hot is not fo fuccefsfully 
ufed for the prefervation of flefli. 

That flefli after it is boiled, may be kept long 
without prejudice, which is a great convenience 
at fea, fo that perhaps there may be no need of 
falted flefli. For after the raw flefli hath been 
kept fo long in veflels flopped with fcrews, as 
experience fhews there is no danger of its cor- 
ruption ; tlien it is to be taken out, and being 
perfedly boiled is again to be included in the 
fame receivers, and fo without doubt it may be 
kept for a long time without fait. The chief art 
to preferve flefli without fait confifls herein, that 
all air be excluded from it, and that there be a 
great compreflion in the receiver (a) % 

(a) The rcafon why (pint of wine preferves flefli, and 
other things immerfed in it, from corruption, may be, that 
the fpirit fucks up and confumes the air lodged in the pores 
of the flefli. For it has been found that fpirit of wine will 
imbibe a bubble of air as large as your thumb in about two 
hours, which is more than water will do in a much longer 
time, though it be firft well purged of air by boiling iu 
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Art.xvui. Contains experiments concerning elixa- 
tion and difltllation in vacuo* 

Art. xix. Contains fame, experiments concerning 
elixation in vejjels flopped with /crews. 

By which it appears, that even harts-horn and 
the bones of fifties and fotir-footed creatures may 
b§ foftencd and converted into good nourifjiment. 
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AN. 
APPEND! X* 

Numb. I. 
The reafon of the rijing and falling of the mtrcuxy 
in the barometer, upon, change tf weather x by 
JDr. Halley (a). 

TO account for the different heights of the 
mercury at feveral times, it will not be un^ 
neceflary to enumerate fome of the principal ob- 
fervations made upon the barometer, 

I. The firft is, that in calm weather, when the 
air is inclined to rain, the mercury is commonly 
low. 

2* That in ferene, good, fettled weather the 
mercury is generally high. 

3. That upon very great winds, though they 
be not accompanied with rain, the mercury finks 
loweft of all, with relation to the point of the 
compafs the wind blows upon. 

4. That cateribus paribus, the greateft .heights 
of the mercury are found upon eafterly and north- 
eafterly winds. 

5. That in calm frofty weather the mercury 
generally ftands high. 

6. That after very great ftorms of wind, when 
the quickfilver has been low, it generally rifes 
again very faft. 

7. That the more northerly places have greater 
alterations of the barofcope than the mofe fouth- 
crly. 

(a) Reprinted from Ltwtborp's Abridg. of the Philofopbi- 
cal Tranfa&ions, wit H» pag« 20. 

^ 8- That 
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8. That within the tropicks and near them, 
thofe accounts we have haa from others, and my 
own obfervations at St; Helena, make very little 
or no variation of the height of the mercury in all 
weathers. 

Hence I conceive, that the principal eaufe of 
the rife and fall of the mercury* is from the va- 
riable winds which are found in the temperate 
zones, and whofe great inconftancy here in Eng- 
land is moft notorious. ' 

A fecondcaufe is the uncertain exhalation and 
precipitation of the vapours lodging in the air, 
whereby it comes to be at one time much more 
crouded than at another, and confequently hea- 
vier ; but this latter in a great meafure depends 
upon the former. Now from thefe principles I 
ihall endeavour to explicate the feveral pheno- 
mena of the barometer, taking them in the fame 
order I laid them down, 

1. The mercury's being low inclines it to rain, 
becaufe the air being light, the vapours are no 
* lofiger fupported thereby, being become fpecifi- 
cally heavier than the medium wherein they float- 
ed ; fo that they defcend towards the earth, and 
in their fall, meeting with other aqueous particles, 
they incorporate together and form little drops of 
rain. But the mercury's being at one time lower 
than at another, is the efFedt of two contrary 
winds blowing from the place where the barome- 
ter (lands j whereby the air of that place ^s carried 
both ways from it, and confequently the incum- 
bent cylinder of air is diminished, and accordingly 
the mercury finks. As for inftance, if in the Ger- 

Q^4 man 
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m?n oceap it {hould Wow a gafeof weftedjr wh 
and at the fame time an eafterly wind in the JjMh 
fea, or if in France it fhould blow a nprtherly 
wind, and in Scotland a foutherly, it muft hz 
granted me that, that part of the atmofphere xm» 
pendent over England woyld thereby be exhguft- 
ed and attenuated, and the mercury would fiibr 
fide, and the vapours which before floated in thofe 
parts of the air of equal gravity with themfelves, 
would fink to the earth. 

2. The greater height of the barometer is oc- 
cafioned by two contrary winds blowing toward? 
the place of obfervation, whereby the air of other 
places is brought thither and accumulated; {q 
that the incumbent cylinder of air being increafed 
both in height and weight, the mercury preffed 
thereby muft needs rife and ftand hieh, as long as 
the winds continue fo to blow ; and then the air 
being fpecifically heavier, the vapours arc* better 
kept fufpended, fo that they have no inclination 
to precipitate and fall down in drops ; which is 
the reafon of the ferene good weather, which at-t . 
tends the greater heights of the mercury. 

3. The mercury finks the loweft of all by th<? 
very rapid motion of air in ftorms of wind. For 
the tra& or region of the earth's furface, wherein 
thefe winds rage, not extending all round the 
globe, that flagnant air which is left behind, as 
likewife that on the fides, cannot come in fo fall 
as to fupply the evacuation made by fo fwift 3. 
current; fo that the air muft neceffarily be attenu- 
ated when and where the faid winds continue to 
jalov^aqd that more or lefs Recording to their vio 7 

lence 4 



mercury tn the barometer. '* 24^" 

leace; add to which, that the horizontal motioti'" 
of thi air being fo quick as it is, may in all pro- 
bability 1 take off fome part of the perpendicular 
prefliire thereof: and the great agitation of its 
particles is the reafon why the vapours are diffi- 
pated, and do not condenfe into drops fo as to 
fetm rain, otherwife the natural confequence of 
the air's- rarefaction. 

4. The mercury ftands the higheft upon an 
eafterly or north^eafterly wind, becaufe in the 
great Atlantick ocean, on this fide the 35th de- 
gree of north latitude, the wefterly and fouth- 
wefterly winds blowalmoft always Trade, fo that 
whenever here the wind comes up at eaft and 
north-eaft, it is fure to he checked by a contrary 
gale as foon as it reaches the ocean ; wherefore,' 
according to what is made out in our fecond re* 
mark, the air muft needs be heaped over this 
ifland, and confequently the mercury muft ftahd 
high, as often as thefe winds blow. This holds 
true in this country, but is not a general rule for 
others where the winds are under different cir- 
cumftances ; and I have fometimes feen the mer- 
Gury here as low as 29 inches upon an eafterly 
wind, but then it blew exceeding hard, and fo 
comes to be accounted for by what was obferved 
upon the third remark. 

5. In calm frofty weather the mercury gene- 
rally ftands high, becaufe (as I conceive) it fel- 
dom freezes but when the winds come out of the' 
northern and north-eaftern quarters, or at leaft 
unlefs thofe winds blow at no great diftance off; 
(pt the northern parts of Germany, Denmark, 

Sweden. 
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Sweden, Norway, and all that tra& ftfom whence 
north-eaftern winds come, arc fubje& to almoft/ 
continual froft all the winter ; and thefeby did 
lower air is very much condenfed, and in that 
{late is brought hither wards by 4 thofe winds, and 
being accumulated by the oppofition of the weft* 
erly wind blowing in the ocean, the mercury 
muft needs be preft to a more than ordinary* 
height ; and as a concurring caufe, the (hrinking 
©f the lower pints of the air into lefier room by 
cold, muft needs caufe a defcent of the upper 
parts of the atmofphere to reduce the cavity made 
by this contra&ion to an ^equilibrium. 

6. After great ftorms of wind, when the mer- 
cury has been very low, it generally rifes again 
very faft. I once obferved it to rife i^incR in 
lefs than 6 hours after a long continued ftorm of 
fouth-weft wind. The reafon is, becaufc the air 
being very much rarefied, by the great evacua- 
tions which fuch continued ftorms make thereof, 
the neighbouring air runs in the more fwiftly to 
bring it. to an ^equilibrium ; as we fee water runs' 
the fafter for having a great declivity, 

7. The variations are greater in the more nor- 
therly pl&ces, as at Stockholm greater than at Pa- 
ris (compared by Mr* Pa/cal/J (a) becaufe the 
more northerly parts have ufually greater ftorms . 
of wind than the more foutherly, whereby the 
mercury (hould fink lower in that extream ; and' 
then the northerly winds bringing the condenfed 
and ponderous air from the neighbourhood of the 
pole, and that again being checked by a foutherly 

(0) Ejuilibre its Bjutttrs. 

wind 
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wind at no great diftance, andfq heaped, muft. 
of aecdfity. make the mercury in fuch cafe fjan4 
higher irvthe other ex treats . 

S. Laftly, this remark, that there is little or no 
variation near the equino&ial, as at Barbadoes and 
St, Helena; does above all others confirm the hy T 
potbefis of the variable winds being the caufe of 
thefc variations of the height of the mercury; for 
in the places above named there is always an eafy 
gale of wind blowing nearly upon the fame point, 
viz* E. N. E. at Barbadoes, and E. S. E. at St. 
Helena, fo that there being no contrary currents 
of the air to exhauft or accumulate it, the atmo- 
iphere continues much in the fame ftatc^ how- 
ever upon hurricanes (the moil violent of ftorms) 
the mercury has been obferved very low, but this 
is but once in two or three years, and it foqn re-» 
covers its fettled ftate of about 29 l T inches. 

The principal objedion againft this dodtrine is, 
that I fuppofe the air fbme times to move from 
thofe parts where it is already evacuated below the 
^equilibrium^ and fometimes again towards thofe 
parts where it is condenfed and crouded above the 
mean ftate, which may be thought contradictory 
to the law of ftaticks, and the rules of the aqui* 
libriutn of fluids. But thofe that {hall confider 
how, when once an impetus is given to a fluid 
body, it is capable of mounting above its level, 
and checking others that have a contrary tenden- 
cy to defcend by their own gravity, will no 
longer regard this as a material obftaclej but 
will rather conclude, that the great analogy there 
is between the rifing and falling of the water 

upon 
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tipon the flux and reflux of the fea/ and this of 
accumulating and extenuating the air, is a great 
argument for the. truth of this hypothefis. For 
{is the fea over againft thecoaft of Eflex, rifesand 
fwells by the meeting of the two contrary" trdes 
of flood, whereof the one comes from the S. W. 
along the channel of England, and the other from 
the north, and on the contrary finks below its 
level upon the retreat of the water both ways, in 
the tide of ebb ; -fo it is very probable, that the air 
tn&y ebb and flow after the fame manner ; butl>y * 
reafon of the diverfity of caufes whereby the air 
may be fet in moving, the times of thefe fluxes 
and refluxes thereof are purely cafual, and not 
reducible to any rule, as are the motions of the 
fea, depending wholly upon the regular courfe of 
the mooq. 
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Numb. II. 



A fcale of degrees of heat by Sit Isaac 
Newton (a). 

The fgns and defer if tions of heat si 



THE heat of air in winter, when 
water begins to freeze. This 
heat may be exactly determined by 
placing a thermometer in comprefled 
fnow when it begins to thaw. - 

The heats of the air in winter. 

The heats of the air in fpring and 
autumn. 

The heats of the air in fummer. 

The heat of the air at noon about 
the month of July. 

The greateft heat which a thermo- 
meter can acquire in con tad with a 
human body : the heat of a bird hatch- 
ing her eggs is much the fame. 

Almoft the greateft heat of a bath 
that a perfon can bear while his hand 
is immerfed and conftantly agitated 
for fome time. The heat of the blood 
jaft let out of the body is almoft the 
fame. 

The greateft heat of a bath that a 
perfon can bear, while his hand is im- 
merfed 



(a) Tranflated from the original in the Philofophical 
Tranfe4tioqs, N Q 270. 
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merfed and kept conftantly at reft for 
fometime. 

The heat of a bath in which float- 
ing wax, after it has been melted, be- 
gin* by cooling to lofe its fluidity and 
tranfparency. 

The heat of a bath, by which float- 
ing wax is fo heated as to melt, and 
continue in fufion without ebullition. 

A middle degree of heat between 
that wherewith wax melts and water 
boils. 

The heat with which watet boils 
vehemently, and a mixture of 2 pam 
of lead, 3 of tin and 5 of bifmuth 
grows ftiff by cooling. Water begins 
to boil with a heat of 33 parts, and in 
boiling fcarce ever exceeds a heat of* 
344. Drops of hot water falling upon 
hot iron, ceafe to bubble, when the 
iron has 35 or 36 parts of heat, and 
of cold water, when the iron has 37 
parts. 

The leaft heat with which a mix- 
ture of 1 part of lead, 4 of tin and 5 
of bifmuth, will melt and continue in 
fufion. 

The lead heat with which a mix- 
ture of equal parts of tin and bifmuth 
melts. This mixture by cooling grows 
ftiff with 47 parts of heat. 

The heat with which a mixture of 
2. parte of tin and 1 part of bifmuth 

.melts; 
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melts; as a\£o a mixture of 3 parts of 
tin and 2 of lead : but a mixtifre of 5 
parts of tin and 2 parts of bifmuth, 
grows ftiff by cooling in this heat ; and 
To does a mixture of equal parts of tin 
and bifmuth. 

The leaft heat with which a mix- 
ture of 1 part of bifmuth and 8 parts 
of tin melts. Tin by itfelf melts with 
a heat of 72 parts, and grows ftiff by 
cooling in a heat of 70 parts. 

The heat with which bifmuth melts, 
as alfo a mixture of 4 parts of lead and 
1 part of tin. But a mixture of 5 
parts of lead and 1 part of tin, after 
it has been melted, grows ftiff by 
cooling in this heat. 

The leaft heat with which lead 
melts. It grows hotter and melts with 
a heat of 96 or 97 parts, and grows 
ftiff by cooling in a heat of 95 parts. 

The heat with which burning bo- 
dies by cooling ceafe to be vifible in a 
dark night, and on the contrary by 
heating begin to fhine in the fame de- 
gree of darkness, but with fo faint a 
light as is fcarce fenfible. With this 
heat a mixture of equal parts of tint 
and regulus martis, and alio a mixture 
of 7 parts of bifmuth and 4 parts of 
that regulus, grows ftiff in coolingl 

The heat with which burning bo- 
dies fhine in a dark night but not at 
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all in the twilight. With this heat & 
mixture of two parts of regulus mar- 
tis and 1 part of bifmuth, and alio a 
mixture 0/ 5 parts of regulus martis 
and 1 part of tin, grow ftiff by cool- 
ing. Regulus alone grows ftiff with a 
heat of 146 parts* 

The heat wherewith bodies burn- 
ing in the twilight, juft before fun* 
rife or after fun-fet, fliine manifeftly* 
but not at all or but very obfcurely in 
broad daylight. . 

The heat of burning coals in a final! 
fire made of bituminous pit-coal, and 
not blown with the bellows. Iron 
heated as hot as poflible in this fire, 
has the fame heat as the fire itfelf. But 
the heat of a, fmall fire made of wood 
is a little greater, having 200 *>r 210 
parts ; and the heat of a large fire is 
ftill greater, efpecially if blown with 
bellows. 



In the firft column of this table we have de- 
grees of heats in arithmetical progrefiion, begin- 
ning from the heat with which water juft begins 
to freeze, as the loweft degree of heat, or as a li- 
mit common to heat and cold, and confidering 
the external heat of a human body as confifting 
of 1 2 equal parts. 

In the fecond column we have degrees of heats 
in geometrical progreffion ; the firft degree (12) is 
the external heat of a human body adjufted by our 
fenfes, the fecond (24) is double the firft, the third 

1 (48) 
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(48) is double the fecond, the fourth (96) is 
double the third, and the fifth (192) double the 
fourth (b). 

. By this table it appears, that the heat (34) of 
boiling water, is almoft three times greater than 
the heat (12) of a human body, and the heat (72) 
of melting tin fix times greater, and the heat (96) 
of melting lead eight times greater, and the heat 
{146) of melting regulus about twelve times 
greater, and the heat (200) of a common fire 
about fixteen or feventeen times greater than the 
heat of a human body. 

The table was conftru&ed by the help of a 
thermometer and red-hot iron. By the thermo- 
meter I found the meafures of all the heats as far > 
as that which melts tin, and the meafures of all 
the reft by red-hot iron. For the heat which the 
iron communicates to contiguous cold bodies in a 
given time, that is, the heat which it lofes in a 
given time, is as the whole heat of the iron. Con- 
sequently if the time of its cooling be divided into 
any equafparts, the correfponding heats [both loft 

{b) I underftand the Author's fcnfe of this paragraph as 
follows. " In the fecond column we have" a fcale of indi- 
ces or exponents of u degrees of heats in geometrical pro- 
• 6 gre&on." The numbers i, i J, i^, i|, 2, &c. in the fe- 
cond column, being in arithmetical progreflion, are a fcale 
of logarithms, or meafures of the ratios of the heats exprefled 
by the correfponding numbers 12, I4tt> 17, 20 tt* 24, &c. 
in the firft column 5 which being in geometrical progreffion, 
may be foon found by taking J, *, J, of the logarithm of 2, 
or of the ratio of 1 to 2, and multiplying the correfponding 
abfolute numbers, in the table of logarithms, by 12. Then 
by doubling the 4 laft terms of the geometrical progreffion fo 
found, you get the 4 next, and by doubling thefe you have the 
4 next, and fo on to the end of the fcale* 
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and retained] will decreafe in a geometrical pro- 
greffion, and therefore may eafily be found by a 
table of logarithms (c). 

Firft then by a thermometer made with Jin- 
feed-oil, I found when the thermometer was 
placed in melting fnow, if the oil took up ibooo 
equal parts of fpace, that the fame oil, being af- 
terwards rarefied and dilated by the firft degree 
of heat, or that of a human body, took up 10256 
fuch parts, and by the heat of water juft begin- 
ning to boil 1 0705 parts, and by the heat of wa- 
ter boiling vehemently 10725 parts, and by the 
heat of melted tin, when by cooling it began to 
ftiifen to the confidence of an amalgama 11516 
parts, and when quite ftifF 1 1496 parts. 

Therefore the oil was rarefied and dilated in 
the ratio of 40 to 39 by the heat of a human 
body, in the ratio of 15 to 14 by the heat of 
boiling water, in the ratio of K5 to 13 by the 
heat of melted tin beginning to ftiffen andcoagu-* 
late by cooling, and in the ratio of 23 to 20 by- 
the heat of tin juft grown quite ftifF. 

The rarefaction of air by an equal heat was ten 
times greater than that of the oil, and the rare- 
faction of the oil about fifteen fd) times greater 
than that of fpirit of wine. 

By 



I 



It) See page 121, parag. 1. 

(d) The original runs thus, Rarefaftio a errs aquali colore 
fuit decuplo major quam rarcfaftio olei, if rarefaftio otei quaji 
quindecim vicibus major quam rartfattio fpirittis vim, in 
which I conceive there is fome miftake. For Dr. Hallej, by 
an experiment defcribed in the Philofoph. TranfaS. N° 197, 
found that when fpirit of wine began to boil (after which it 

has 
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By thefe experiments, taking the teats of the 
Oil to be proportional to its rarefa&ions fej, and 
for the external heat of a human body writing 
iz parts, the heat of water juft beginning to boil, 
comes out 33 fuch parts, and of water boiling 
vehemently 34 parts, arid of tin either beginning 
to melt or to ftiffen into an amalgama 72 parts, 
and of tin juft become quite ftiff and hard 70 
parts* 

Having found thefe heats, in order to deter- 
mine the reft, I heated a piece of iron of a fuffi- 
cient thicknefs, till it became red-hot, and tak- 
ing it from the fire with the tongs likewife red- 
hot* I immediately put it in a cool place where 
the wind blew Conftantly, and upon it I laid par- 
ticles of diver fe metals and other fufible bodies, 
and noted the feveral inftants of time when by 
cooling they loft their fluidity and began to coa- 
gulate, and laftly when the heat of the iron be- 
came equal to the external heat of a human body. 

Then upon this principle, that the exceffes of 
the heats of the iron and coagulating particles, a- 
bove the heat of the attnofphere, found by my 
thermometer, were in a geometrical progrefllon, 

has no regular expanfion) it had increafed itfelf a 12th part of 
its bulk when cold' in winter time ; and by my own trial I 
have found, that with the heat of fpirit of wine beginning to 
boil, the linfeed-oil in my thermometer had increafed itfelf 
about 53 thoufandth parts of its bulk when placed in thawing 
fnqw, or to make a jufter comparifon, about T £<5a parts of its 
bulk when cold in winter time. Therefore the increment of 
the fpirit, is to that of the oil, produced by equal heats, as 
w to riirs or 501 to 306, or about 5 to 3. 

(i) That is, to the increments of its bulk, as appears by 
the numbers in. the two laft paragraphs but one. >' 
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when the times were taken in an arithmetipal 
progreffion, I determined all thofe heats, 

I placed the iron not in a ftagnating air, but in 
a wind blowing uniformly, that the air heated by 
the iron might immediately be driven away by 
the wind, and that cool air might continually 
fucceed it with an uniform motion. For by this 
means equal parts of the atmofphere were heated 
in equal times, with degrees of heat proportion- 
able to the heats of the iron. 

Now the heats fo determined were to one an- 
other in the fame ratios as the heats found by my 
thermometer, and therefore the principle I af- 
fumed, that the heats of the oil were proportion- 
able to its rarefa&ions, is a true principle ff). 
So far Sir Ifaac Newton. 

Hence we learn the conftru&ion of a thermo- 
meter, which being once adjufled by experiment 
to any one degree of heat in the author's fcale, 
ihali determine the reft artificially, and alfo the 
proportions of any other heats to thofe in the 
fcale. 

For this purpofe, fince a tube feldom happens 
to be perfe&ly cylindrical, it muft be diftinguifb- 
ed into parts equal in capacity, if not in length, 
as follows. Firft weigh the empty tube, then hav- 
ing filled its ball and about a ninth or tenth part 
of the tube with quickfilver, weigh it again and 
deduct the former weight from the latter ; the 
difference is the weight of the inclofed quick- 
^/J This property of the rarefaction of linfeed-oil was af-. 
terwards confirmed by an experiment made by Dr. Brook 
Taylor ', and defcribed in the PhUofoph. Tranfad, N° 376. 

filverj 
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filvcr, which gives the weight of one hundredth 
part of it. 

Mark the tube with a file at the furface of the 
inclofed quickfilver* and with an hundredth part 
of its weight, weigh out 8 or 9 parcels of the like 
qulckfilver, and pour them one after another upon 
the inclofed quickfilver, marking the tube fuc* 
ccffively at the furface of each parcel. 

Then with your compafles compare the inter- 
vals of the marks, and if they be equal to one 
another, divide each of them into ten equal parts, 
otherwife make the parts increafe or decreafe as 
the intervals do f 

Thus the capacity of the tube will be diftin- 
guifhed into thoufandth parts of that of the ball 
and contiguous part of the tube reaching up to 
the firft mark. 

Then put the tube into a frame, and by the 
fide of it place a fcale of thoufandth parts exadtly 
corrcfpouding with the oppofite marks upon the 
tube; and writing 1000 over againft the firft 
mark, number the reft in their order, as in Fig. 41. 

On the oppofite fide of the tube over againft 
the numbers iooo, 1012.8, 1025.6, 1038.4, 
1051.2, 1064, 1076.8, &c. in arithmetical pro- 
greffion, write o, 6, 12, 18, 24, 30, 36, &c alfo 
in arithmetical progreflion, where putting marks, 
divide their feveral intervals into fixequ*! parts if 
the intervals be equal, otherwife into parts pro- 
portionable to the intervals. Aqd along the fide 
of this fcale, at the proper divifions anfwering to 
the numbers in the firft column of the Author's 
fcale, write the names of the feveral bodies whofe 
degrees of heat are exprefled by thofe numbers. 

~ ■ R 3 The 
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The fcale for the given tube being thus con* 
ftru&ed, what remains to be done is only to pour, 
in linfeed-oil, and adjuft it to fuch a. quantity, 
that, when the thermometer is placed in thahotf 
of any one body marked upon the fcale, and has 
acquired it very flowly and uniformly in ev^ry 
part, the furface of the oil may reft exa£tly at the 
mark belonging to that heat ; that is, at o if the 
ball be placed in cotapreffed fnow juft thawing* 
or at 33, if in water juft beginning to boil; and 
fo for any other. . 

Artificers generally fill their thermometers 
with a glafs-funnel, whofe pipe is drawn out, like 
a capillary tube, to a length and flendernefs fuffi- 
cient to enter the tube of the thermometer and 
reach down to its ball. And if they happen to 
pour in too much liquor, they infer t an empty 
capillary tube, which will attradt the liquor by 
little and little, till a due quantity be left behind* 
By a linfeed-oil thermometer well graduated 
and adjufted as above, many more may foon be 
made with oil or any other expanding fluid, with- 
out the trouble of graduating their tubes by 
equal quantities of quickfilver. For having filled 
the balls and a convenient part of the tubes, 
with the fluids prqpofed, place them all together 
in a fkillet of cold water, and while it is. warm-? 
ing as gently as pqffible, when the oil in the 
ftandard thermometer (ball arrive fuccefiively at 
the fever al divifions of its fcale, at the fame in- 
ftants of time mark the new tubes at the feveral 
heights of their fluids ; and form a fcale for every 
tube that fhall correfpond to thofe marks. Then 
while the liquors fubfide by cooling gently, ex- 
6 \ " amin$ 
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amine whether they correfpond at the reipeclive 
marks. 

It is eafy to underftand how, by the help of 
quickfilver as above, the fcale of thoufandth parts 
in the ftandard thermometer, may be continued 
below the mark 1000 ; from which the fcales of 
the new tubes may be continued downwards, by 
placing them all together in fome freezing mix** 
ture, provided the liquors in the tubes be incapa- 
ble of freezing. Thefe parts of the fcales are 
necefiary for regiftering degrees of cold. 

A thermometer that (hall vary very fenfibly by 
very fmall variations of heat and cold, as thole of 
the atmofphere, muft have a large ball in propor- 
tion to the bore of the tube ; and that the heat or 
cold may fooner diffufe itfelf, even to the inner- 
moil parts of the included liquor, the ball ihould 
not be fpherical but oblong and flatted like a 
French flafk. Thermometers intended for dif- 
ferent ufes (hould have tubes of different fizes and 
lengths* for comprehending a greater or. fmall- 
er number of degrees of heat, fuitable to the 
intended ufes. And it may not be improper to 
place a fpirit of wine thermometer in the fame 
frame with that of linfeed-oil, by which the larg- 
er intervals in the new fcale may be determined ; 
and thefe may be fubdivided into fmaller, anfwer- 
ing to equal capacities of the tube, as above. 

Being very much pleafed with the ingenuity 
of the author's method of meafuring heats, and 
his care and judgment in fele&ing fo great a va- 
riety of particulars as fhould compofe a fcale fo 
remarkably regular, for further fatisfadtjon in the- 
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accuracy of his meafures, I formerly made an oil 
thermometer in the manner I have been deicrib- 
ing ; and having placed it in feveral heats men- 
tioned by the author, beginning from that ,ef 
water juft freezing and increafing to that of its 
boiling vehemently, I found they raifed my x>il 
«#a<9tly enough to the marks determined upon 
my fcale ; and judging Sir Ifaac Newton to be the 
author of this admirable paper, as well by the 
ftyle and manner of it, as by its analogy to {qi*£ 
pafTages in his writings, I was afterwards con- 
firmed in my opinion by talking with him about 
it, and mentioning the agreement of the fcale 
with my own experiments. Which I now men* 
tion as an experimental proof of the propofition . 
I began with, and as an inducement to thofe that 
ufe thermometers in philofophical enquiries, to 
conftrud: them in the manner here described, at 
leaft till a better be invented ; in order to render 
their experiments intelligible and ufeful to the 
world. For it cannot but appear to a thinking 
perfon, even from the theory, alone, that all 
thermometers of this conftru&ion, notwithftand- 
ing any difference in the fhapes and capacities 
of the tubes, muft needs agree together, to the 
fame degree of exa&ncfs, as bodies of the fame 
name and fort, and in the fame circumftances, 
can agree together in the quantity of their 
fenfible qualities. 
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Numb. Ill; 

An account tffome experiments Jhown before the 
Rdyal Society ; with an enquiry into the caufe of 
the afcent and fufpenfion of water in capillary 
tubes, by Dr. Jurin fa). 

SOME days ago a method was propofedto 
me by an ingenious friend, for making a per- 
pettial motion, which feemed fo plaufible, and 
indeed fo eafily demonftrable from an obfervation 
of the late Mr. Haukjbee, faid to be grounded 
upon experiment, that though I am far from hav- 
ing any opinion of attempts of this nature, yet I 
coftfefs I could- not fee why it (hould not fucceed. 
Upon trial indeed the fallacy difcovered itfelf. 
But as fearches after things impoffible in them- 
felves are frequently obferved to produce other 
difcoveries, unexpected by the inventor ; fo this 
propofal has given occafion, not only to rectify 
fbme miftakes into which we had been led by 
that ingenious and ufeful member of the Royal 
Society above-named, but likewife to deted: the 
real principle by which water is raifed and fuf- 
pended in capillary tubes, above the level. 

I. My friend's propofal was as follows. In 
Fig. 42 let a be be a capillary fiphon, compofed 
of two legs ab, be, unequal both in length and 
diameter ; whofe longer and narrower leg ab 
having its orifice a immerft in water, the water 
will rife above the level, till it fills the whole 

(#) Reprinted from the Philofoph. Tranfad. N° 355. 
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tube ab y and will then continue fufpended. . If 
the wider and fhorter leg be* be in like manner 
immerft, the water will only rife to fome height 
zifc* lefs than the entire height of the tube.ta; . 

This fiphon being filled with water* and the 
orifice a funk below the furface of the water de, 
my friend reafons thus. 

Since the two columns of water ab and/V, by 
the fuppofition, will be fufpended by fome powec 
a&ing within the tubes they are contained in„ 
they cannot determine the water to move one way 
or the other. But the column bf % having no-* 
thing to fupport it, muft defcend and caufe the 
water to run <*ut at c. Then the preffure of the 
atmofphere driving the water upward through 
the orifice a 9 to fupply the vacuity, which would 
©therwife be left in the upper part of the tube be, 
this muft neceflarily produce a perpetual motion, 
fince the water runs into the fame veffel, oqt of 
which it rifes. But the fallacy of this reafoning 
appears upon making the experiment. 

Exp, i. For the water, inftead of running out 
at the orifice c, rifes upward towards f, and run- 
ning all out of the leg be, remains fulpended ia 
the other leg to the height ab. 

Exp. 2. The fame thing fucceeds upon takkig 
the fiphon out of the water, into which its lower 
orifice a had been immerft, the water then fall- 
ing in drops out of the orifice a f and (landing at 
laft at the height ab. But in making thefe two 
experiments it is neceffary thattfg the difference 
of the legs exceed fe, otherwife the water will 
pot run either way, 

Exp. 
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. Exp, 3. Upon inverting the fiphon full of 
water, it continues without motion either way. 

The reafon of all which will plainly appear, 
when we come to difcover the principle by which 
the water is fufpended in capillary tubes. 

IL Mr. Haui/bees obfervation is as follows. 
In Fig. 43 \etabfc be a capillary fiphon, into 
which the water will rife above the level to the 
height cf and let ba be the depth of the orifice 
of its longer leg below the furface of the water 
de. Then the fiphon being filled with water, if 
ba be not greater than cf, the water will not run 
out at a, but will remain fufpended. 

This feems indeed very plaufible at firft fight. 
For fince the column of water fc will be fuf- 
pended by fome power within the tube, why 
ihould not the column ba, being equal to, or Idfs 
than the former, continue fufpended by the fame 
power ? 

Exp. 4. In fadt, if the orifice c be lifted up out 
of the water de, the water in the tube will con- 
tinue fufpended, unlefs ba exceed fc. 

Exp. 5. But when c is never fo little immerft 
in the water, immediately the water in the tube 
runs out in drops at the orifice a, though the 
length a b be confiderably lefs than the height cf 

Mr. Haitkjbee in his Book of Experiments has 
advanced another obfervation, namely, that the 
fhorter leg of a capillary fiphon, as abfc % muft 
be immerlt in the water to the depth fc, which 
is equal to the height of the column, that would 
be fufpended in it, before the water will run 
put at the longer leg. 

E*p, 



26$ Of the fufpenpon of water 

* l Exp. 6. From what miftake this has proceed- 
ed, I cannot imagine ; for the water runs out it 
the longer leg, as foon as the orifice of the (horter 
leg comes to touch the furface of the ftagnant 
water, without being at all immerft therein. 

III. 1 proceed now to enquire into the caufe of 
the afqent and fufpenfion of water in capillary 
tubes. ■ 

That this phenomenon is no way owing to the 
preflureof the atmofphere, has been, I think, fuf- 
ficiently proved by Mr. Haukjbees experiments. 

And that the caufe afllgned by the fameperfbn, 
namely', theattra&ion of the concave furface, in 
which the fufpended liquor is contained, is like- 
wife infufficient for producing this effe<ft, I thus 
depion fixate. 

Since in every capillary tube the height, to 
which the water will fpontaneoufly afcend, is re- 
ciprocally as the diameter of the tube, it follows, 
that the furface containing the fufpended water in 
every tube is always a given quantity : but the 
column of water fufpended, is as the diameter of 
the tube. Therefore, if the attraction of the 
containing furface be the caufe of the water's fuf- 
penfion ; it will follow, that equal caufes pro- 
duce unequal effe&s, which is abfurd. 

To this it may perhaps be obje&ed, that in 
two tubes of unequal diameters, the circum- 
fiances are different, and therefore the two caufes^ 
though they be equal in themfelves, may pro- 
duce effects that are unequal. For the leffertube 
has not only a greater curvature, but thofe parts 
of the water, which lie in the middle of the tube, 
4 are 
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are nearer to the attracting furface, than in 4 the 
wider. But from this, if any thing follows, it 
muft be, that the narrower tube will fufpend the 
greater quantity of water, which is contrary to- 
experiment. For the columns fufpended are as 
the diameters of the tubes. 

But as experiments are generally more fati£- 
fadlory in things of this nature, than mathemati- 
cal reafopings, it may not be amifs to make ufei 
of the following, which appear to me to contaia 
an experimentum cruets. 

In Fig. 44, the tube cd is compofed of two 
parts, in the wider of which the water will rife 
fpontaneoufly to the height bf f but the narrower 
part, if it were of a fufficient length, would raife 
the water to a height equal to cd. 

Exp. 7. This tube being filled with water, and 
the wider end fimmerft in the ftagnant water ab 9 
the whole continues fufpended. 

Exp. 8. The narrower end being immerft, as 
in Fig.. 45, the water immediately fubfides, and 
ftands at laft at the height dg equal to bf. 
: From which it is manifeft, that the fufpenfion 
of the water in the former of thefe experiments 
is not owing to the attradtion of the containing 
furface ; fince, if that were true, this furface be- 
ing the fame, when the tube is inverted, would 
fufpend the water at the fame height. 

IV. Having fhewn the infufficiency of this 
hypothefis, I come now to the real caufeof that 
phenomenon, which is the attradtion of thet peri*, 
phery, or rather of the fmall annular portion of 

the 
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the kifide of the tube, to which the upper fur&cd 

df the water is contiguous and coheres. 

For this is the only part of the tube, from 
which the water muft recede upon its fubfi&ng, 
and confequeritly the only one, which bysthe 
force of its cohefion or attra&ion, oppofcs thfc de~ 
fcent of the water. 

• This Iikewife is a caufe proportional to the^f-* 
fcft which it produces; fince that periphery* and 
ri>€ column fufpended, are both in the fame pro- 
portion as the diameter of the tube. 

Though from either of thefe particulars it 
were eafy to draw a juft demonftration, yet to 
put the matter out of all doubt, it may be proper. 
to confirm this affertion, as we have done the 
former, by a&ual experiment. 

Let therefore, in Fig. 46, edc be a tube^ Kfce 
that made ufe of in the 7th and 8th experiments, 
except that the narrower part is of a greater 
length; and let af and bg be the heights, to 
which the water would fpontaneoufly rife in the 
two tubes ed and dc. 

Exp. 9. If this tube have its wider orifice c 
immerft into the water ab, and be filled to any 
height lefs than the length of the wider parti the 
water will immediately fubfide to a level with the 
point g ; but if the furface of the contained water 
enter never fo little within the fmaller tube ed f 
*he whole column dt will be fufpended, provid- 
ed the length of that column do not exceed the 
height aj\ 

In this experiment it is plain, that there is no- 
thing to fuftain the water at fo great a height, ex- 
cept 
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cqtt the contaft of the periphery of the leffer 
tube, to which the upper furface of the water is 
Contiguous. For the tube de, by the fuppofition, 
is not able to fopport the water at a greater height 
than bg. 

Exp. io. When the fame tube is inverted, as 
in Fig. 47, and the water is raifed into' the lower 
extremity of the wider tube ed, it immediately 
finks, if the length of the fcfpended column dh 
be greater than gb 3 whereas in the tube de it 
would be fufpended to the height af. From which 
it manifeftly appears, that the fufberifion of the 
column dh does not -depend upon the attraction of 
the tube dt 9 but upon the periphery of the wider 
tube, with which its upper furface is in eontaft. 

V. For the fake of thofe, who are plcafed with 
feeing the feme thing fucceed ift different man- 
ners, we fubjoin the two following experiments, 
which are in fubftance the fame with the 9th 
and 10th. 

In Fig. 48, abe is a fiphon, in whofe narrower 
and (horter leg ab, if it wereof a fufficient length, 
might be fufpended* a cotomn of water of the 
height efi but the longer and wider leg be will 
fufpend no more than a column of the length g b. 

Exp. 1 1. This fiphon being filled with water, 
and held in the fame pofition, as in the figure, the 
water will not run out at c the orifice of the 
longer leg, unlefs dc the difference of the legs ab 
and &£> exceed the length ef. 

Exp. 1 2. If the narrower leg be be longer than 
ab $ as in Fig. 49, the water will run out atr, if 
dc the difference of the legs exceed ef\ otherwife 
it will remain fufpended. 

In 
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In tbefe two experiments it is plain, that 
the columns dc are fufpended by the attra&toa 
of the peripheries at a, fince their lengths arc 
equal to e, or to the length of the column, which 
by the fuppofition thofe peripheries are able to 
fupportj whereas the tubes be will fuftain 
columns, whofe lengths are equal to gb. 

VI. Though thefe experiments feem to be con- 
cjufive, yet it may not be improper to prevent an 
objection which naturally prefents itfelf, and 
which at firft view may be thought fufficient to 
overturn our theory. 

For fince a periphery of the tube ed, in Fig. 
46, is able to fuftain no more than a column of 
the length af 9 contained in the fame tube ; how 
comes it to fuftain a column of the fame length 
in the wider tube dc, which is as much greater 
than the former, as the feftion of the wider tube 
exceeds that of the narrower ? 

Again, if a periphery of the wider tube dc 9 in 
Fig. 47, be able to fuftain a column of water in 
the fame tube, of the length bg; why will it fup- 
port no more than a column of the fame length 
in the narrower tube ed? 

Which queries may likewife be made with re- 
gard to the nth and 1 2th experiments. 
. The*anfwer is eafy, for the moments of thofe 
two columns pf water are precifely the fame, as 
if the fuftaining tubes ed and cd, were continued 
down to the furface of the ftagnant water ab y 
fince the velocities of the water, where thofe co- 
lumns grow wider or narrower, are to the velo- 
cities at the attracting peripheries, reciprocally as 
the different fe&ions of the columns. 

Exp. 
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Exp. 13. From which eonfideration arifes this 
recaarkaWe paradox, that a vefiel being given of 
whatsoever form, as a be, in Fig. 50, and con- 
taming any affignable quantity of water, how 
great foeyer j that, whole quantity of water may 
be fufpended above the level, if the upper part o£ 
the veflel c be drawn out into a capillary tube of 
a fufficient finenefs. 

But whether this experiment will fucceed,, 
when the height of the veflel is greater than that, 
to which water will be raifed by the preflure of 
the atmofphere, and how far it will be altered by 
a vacuum, I ihall give an account in my next 
paper. 

Having difcovered the caufe of the fufpenfion 
of water in capillary tubes, it will not be difficult 
to account for the feemingly fpontaneous afcent 
of it; for fince the water that enters a capillary 
tube, as foon as its orifice is dipt therein, has its 
gravity taken offby the attraction of the periphery, 
with which its upper furface is in contact, it muft 
neceffarily rife higher, partly by the preflure of 
the Stagnant water, and partly by the attradion 
of the periphery immediately above that, which 
is already contiguous to it. 
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Numb. IV* 
An account offome new experiments relating to the 
aBion of glafs tubes upon water and quickfilver, 
by Dr. Jurin fa). 

I. TN the foregoing difcourfe, prefented to the 

X Royal Society, I maintained that the fuf- 
penfion of water in a capillary tube was owing to 
the attraction of a fmall annular furface on the 
infide of the tube, which touched the upper part 
of the water. Among the -feveral experiments 
made ufe of to prove this aflertion, was that of a 
glafs funnel of feveral inches diameter, having its 
fmall end drawn out into a very fine tube, which 
funnel being inverted and filled with water, the 
whole quantity of water therein contained was 
fuftained above the level by the attraction of that 
narrow annulus of glafs, with which the upper 
furface of the water was in contact. 

Soon after that difcourfe was printed, came 
out a book publifhed by a learned and ingenious 
member of this Society, in which that experiment 
was accounted for in the following manner. 

Fig. 51. If there be a funnel, as ABC, full of 
water, and whofe wide endjlands in a vejfel of water 
as BC; and the top of the funnel A ends in a capil- 
lary tube open at A, the whole water will be fuf- 
tained: the pillar A a by the attraction of the circle 
of glafs within the tube immediately above it ; and 
all the rejl of the pillars of water, as Ff, Dd 3 Ee 9 
Gg, &c. in fome meafure by the attraSlion of the 
parts of the glafs above them, as F, D, E, G : and 

(<*) Reprinted from the Philofoph. Tranfafl. N* 363. 

that 
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that the fmdl pillars or threads of water D d and 
$e f do not Jlide down to Ffand Gg, and Jo go quite 
down r feems to be owing to their cobejion with the 
pillar Aa> which is fuflained by the capillary tube 
<A : fo r jfy ou break off the faid tube at DE, the 
whole water will prefently Jink down. 

As this folution was very different from what 
I had before given, and the reputation of that 
gentleman, whofe great knowledge in experi- 
mental philofbphy is generally known, was fuffi- 
cient to give weight to any of his opinions ; I 
thought myfelf under an obligation to examine 
his account of the experiment, in order either to 
demonftrate its infufficiency, or to retraft my own 
folution. Accordingly at the next meeting of the 
Society, I produced the following experiment. 

In Fig. 52, the funnel afgbc, whofe lower 
part bcjg 9 was cylindrical to a confiderable 
height, and whofe top was drawn out into a fine 
tube at a, being filled with water to the height 
SJl fo that the furface of the water fg 9 did not 
reach to the arched part of the funnel ; I touched 
t;he end a with a wetted finger, whereby a fmall 
quantity of water being infinuated into the capil- 
lary tube at a, the water contained in the funnel 
was fulpended above the level of the water in the 
ciftern de, as in the former experiment. 

In this experiment it is manifeft, that the little 
columns, into which we may fuppofe the cylinder 
of water, Jgbc, to be divided, are no way fuflain- 
ed by the attraction of the arched part of the glafs 
above them, fince they have no contad with it. 
Nor is there any fuch middle pillar of water, 

S 2 which, 
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which, by its contaft with the tube at top, is both 
fuftained itfelf, and helps to fupport the pillars 
about it. Upon the fuppofition of which two par- 
ticulars, that gentleman's folution was founded. 

This experiment may be thus accounted for» 
The cylinder of water fgbc, by its weight ba- 
lances a part of the preffure of the atmofphere, 
which is incumbent on the water in the tiftern, 
and endeavours to force that cylinder upwards. 
The reft of that preffure is balanced by the fpring 
of the air, afg 9 which is included between the 
cylinder of water fgbc, and the little column of 
.water in the capillary a. But, as this air by its 
fpring preffes equally every way, it muft balance 
as much of the preffure of the atmofphere upon 
the little column of water at a, as it does of that 
upon the water in the ciftern. The remainder of 
the preffure of the atmofphere upon the column 
of water at a is* fuftained by the force, with which 
that column adheres to the capillary tube, which 
therefore does exa&ly balance the weight of the 
cylinder of water fgbc, and is the real, though 
not the immediate, caufe of its fufpenfion. 

The experiment fucceeds in the fame manner, 
when a column of quickfilver is raifed into the 
funnel, inftead of the column of water fg b c, the 
top of the tube being touched with a wet finger 
as before. But thjen the height of the quickfilver 
in the funnel muft be as much lefs than that of 
the water, as its fpecifick gravity is greater. 

II. I proceed now to acquit myfelf of a promife 
I made in the difcourfe abovementioned, of exa- 
mining whether the experiments therein contain- 
ed 
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*d would fucceed in vacuo ; and whether water 
could be fufpended in a wide tube by means of a' 
capillary at top, at a greater height, than what it 
can be raifed to by the preflure of the atmofphere. 
In order to this, I boiled fome water, and after- 
wards purged it of its air, by means of the air- 
pump ; which being done, thofe experiments all 
fucceeded in the exhausted receiver, in the fame 
manner as in the open air. 

The 13th experiment in particular, was made . 
with a tube of about 35 inches in length, and a 
quarter of an inch diameter, the top of it being 
drawn out into a fine capillary. Which being 
filled with water purged of its air, as beforemen- 
tioned, the whole quantity continued fufpended 
in theexhaufted receiver. 

This plainly fhews, that the fuccefs of that ex- 
periment does not depend upon the preflure of 
the air, fince the fmall quantity of air left in the 
receiver was by no means capable of fuftaining 
the water at fo great a height, and consequently 
that the height, at which water may be fufpended 
in this manner, is not limited by that preflure. 
. But here I muft not omit taking notice of a 
confiderable difficulty, which prefents itfelf to 
thofe who attentively confider this experiment. 
In order to make which the better appear, it will , 
be proper to obferve, what happens, when a Am- 
ple capillary . tube is filled with water purged of 
air, and inclofed in the exhaufted receiver. 

In this cafe the whole column of water con- 
tained in the tube, acb> Fig. 53, is fufpended by 
the attra&ion of the annulus at the top of the , 

S 3 tube, 
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tube, a : and though that annulus does not ion 
mediately a& upon any part of the water, except 
what is either contiguous to it, or fo near as to.be 
within the fphere of its attraction, which ex T 
tends but to a very fmall diftance ; yet it is im- 
poffible, that any other part of the water, as for 
inftance that at c, fhould part from the water 
above it, and fink down ; becaufe its defcent is 
oppofed by the attra&ion of the contiguous annulus 
at c. For this being equal to the upper annulus 
at a, is capable of fuftaining a column of water of 
the length ab, and confequently is more than fuf- 
ficient for fupporting the column of water below 
it, c b. From which it is plain, that no part of 
the water contained in the tube can poffibly de- 
fcend, unlefs the upper part, affifted by the 
weight of the water below it, be fufficient to over- 
come the attraction of the annulus ofglafs at#. 

But in fuch a compound tube, as that made 
ufe of in our experiment, acb> Fig. 54, the cafe 
; is very different, and it does not eafily appear, 
why in a vacuum any part of the water in the 
wider part of the tube, as for example atr, fhould 
not leave that which is above it and defcend* 
fince the annulus at c is by much too wide to fu£- 
tain a column of water of fo great a length as cb. 
, The beft anfwer I can give to this difficulty is, 
that the cohefion between the water contained in 
the capillary and that below it, is fufficient to ba- 
lance the weight of the column fufpended. But 
how far this cohefion may depend upon the pref- 
fure of a medium, fubtle enough to penetrate the 
receiver, is worthy of confideration. For though 

fuch 
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fuch a medium will pervade the pores of the wa- 
ter, as well as thofe of the glafs, yet it will a& 
with its intire preflure upon all the folid particles,. 
if I may fo call them, of the furface of the watef 
in the ciftern ; whereas fo many of the folid par- 
ticles of the water in the tube, which happen to 
lie dire&ly under the folid particles of the water 
above them, will thereby be fecured from this 
preflure ; and confequently there will be a lefs 
preflure of this medium upon any furface of the 
water in the tube below the capillary, than upon 
an equal furface of the water in the ciftern. So 
that the column of water fufpended in the tube 
may be fuftained by the difference between thofe 
two preflures. This explication feems to be 
favoured by the following experiments, which 
may ail be accounted for in the fame manner, 
though I fhall anon mention another caufe, which, 
contributes to the fuccefs of the firft and fecond. 

The firft I fhall mention is the famous experi- 
ment of the fufpenfion of mercury purgedof air, 
to the height of 70 or j$ inches, in the Torri- 
cellian tube, in the open air. To which we may 
add the fuftaining of mercury, likewife purged of 
air, within the exhaufted receiver, as related by 
the learned Monf. Papin in his Continuation du 
DigeJIeur. I forbear to mention- the fufpenfion of 
water purgedof air in the vacuum, which he de- 
fcribes in the fame book ; becaufe there is little 
difference between that experiment and our own 
above-mentioned ; the very top of the arched 
part of his tube, which top we may fuppofe as 
Imall as we pleafe, fupplying the place of the fine 

S 4 capillary 
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capillary at the top of our tube. But we muft not 
omit the experiments made by the famous Monf. 
Huygens, and described by him in Philofoph. 
Tranfadt. N° 86, of the cohering of poliflied 
plates, with a confiderable farce in the cxhaufted 
receiver ; as like wife of the running of water and 
mercury, when purged of air, through a iiphon 
of unequal legs in the vacuum: all which he ac- 
counts for from the fame principle, and much in 
the fame manner, as we have u fed for explaining 
the experiment above. 

III. As to the exiftence of fuch a medium, I 
fhall content myfelf to refer to what has been 
faid by our illuftrious Prefident in the Queries at 
the latter end of the laft edition of his Opticks* 
And as I have lately had the honour to entertain 
the Society with fome experiments upon quick- 
filver, which were exactly the reverfe of thofe 
'made by Dr. Taylor, the late Mr. Haukjbee and 
myfelf, upon water ; by which I am now enabled 
to throw this whole affair into a little fyftem by 
itfclf, I fhall lay it down in the following propo- 
fitions, the proof of which is contained in the 
experiments annexed. 

Prop, i . ' The particles of water attraSi onp 
. another. 

This, I think, is now univerfally acknowledg- 
ed, and therefore needs no demonftration ; the 
fphericity of the drops of rain, and the running of 
two drops of water into one another upon their 
contact, manifeftly proving it. 

Prop. 2. The particles tf quickfiher attraB cm 
Another. 

This 
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This is likewife manifeft from the :fpherical 
figure, into which a drop of mercury forms itfelf 
upon a table j and from two of them immediately 
running together, as foon as they come to touch* 

Prop, 3. Water is attracted by glafs* 

This plainly appears from all the experiments, 
that we have (hewn upon this fubjedt. 
. Prop. 4. Q&ickjiher is attraSled by glafs. 

Exp. 1. If a fmall globule of quickfilver belaid 
upon a clean paper, and be touched with a piece 
of clean glafs; upon drawing the glafs gently a- 
way, the quickfilver will adhere to it, and be 
drawn away with it. And if the glafs be lifted 
up from the paper, the quickfilver will be taken 
up by it, in the fame manner as a piece of iron is 
drawn up by the loadftone, and will ftick to the 
glafs by a plain furface of aconfiderable breadth, 
in proportion to. the bulk of the drop, as mani- 
feftly appears by an ordinary microfcope. Then, 
if the glafs be held a little obliquely, the drop of 
mercury will roll flowly upon its axis along the 
under fide of the glafs, till it comes to the end, 
where it will be fufpended as before. 

Exp. 2. If a pretty large drop of mercury be 
kid upon a paper, and two pieces of glafs be 
made to touch it, one on each fide ; upon draw- 
ing the glafles gently from each other, the drop 
of mercury will adhere to them both, and will 
be vifibly drawn out from a globular to an oval 
fhape; the longer axis pafling through the middle 
of thofe furfaces, in which the drop touches the 
glafles. 

Prop, 



26 ; 2 Of the aEHon of glafs tubes 

Prop. 5. The particles of water are more jlrongly 
attracted by glafs than by one another. 

This manifeftly appears from the rifing of wa- 
ter in fmall tubes above the level. For when the 
water begins to rife into a capillary tube, all the 
particles of water, which touch the fmall annulus 
at the bottom of the tube, muft have quitted the 
contact of the other water, and have rifen contra- 
ry to their gravity, to come into contaft with the 
glafs. After the fame manner the other experi- 
ments of Dr. Taylor* Mr. Haukjbee and myfelf, 
upon this fubjedt, are eafily explicable. For upon 
a careful examination, it will be found in them 
all, that fome parts of the water quit the contadt 
of the other water, and join themfelves to the 
glafs. 

Prop. 6< The particles of quickfilver are more 
Jirongly atfra&ed by one another* than by glafs. 

Exp. 1. If a fmall tube zsab, Fig. 55, open 
at both ends, be dipt into a glafs veffel filled with 
mercury, and.be held clofe to the fide of the vef- 
fel, that the rife of the mercury within it may ap- 
pear; the mercury will partly enter into the 
tube, but will ftand within it at fome depth, as 
ce, below cd the furface of the quickfilver in the 
veffel, and this depth will always be reciprocally 
as the diameter of the tube. 

In this experiment a column of quickfilver of 
the height ce endeavours to force the mercury 
higher into the tube ; and as glafs has been al- 
ready proved to attradt quickfilver, the attraction 
of the annular furface on the infide of the tube, 
which is contiguous to the upper part of the mer- 
cury, 
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cury, will likewife confpire to farther its afceqt. 
What oppofes the afcent of the quickfilver, is the 
power, by which that part of it, which endea- 
vours to rife into the glafs, is drawn back by the 
attraction of the other mercury, with which it is 
in contaft laterally, and this does not only balance 
the attraction of the glafs, but likewife the weight 
of a column of mercury of the height ce, and 
confequently this attraction is confiderably 
ftronger than the attraction of the glafs. 

The caufe therefore, that fufpends the weight 
of the column of mercury ce, being the difference 
between the attraction of the annular furfacc of 
the tube at e, and that of an equal furface of the 
quickfilver in the ciftern, from which the mer- 
cury, that endeavours to rife into the tube, muft 
recede, in order to unite itfelf to fuch an anniilus 
of the glafs, will always be proportional to that 
annular furface, or to the diameter of the tube. 
And fince the column fuftained muft be propor- 
tional to the caufe that fufpends it, that column 
muft likewife be as the diameter of the tube. But 
the column fufpended is as the fquare of the di- 
ameter of the tube, and the height ce conjointly; 
from which it follows, that the height ce muft 
be as the diameter of the tube reciprocally, as it 
is found to be by experiment. 

The experiment of the afcent of water above 
the level in a capillary tube, is juft the reverfe of " 
this- 

Exp- 2. Quickfilver being poured into the in- 
verted fiphon acb > Fig. 56, one of whofe legs ac 
is narrower than the other ch; the height ce, at 
7 which 
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which the mercury ftands in the wider leg cb y is 
greafer than the height cd> at which it ftands in 
the narrower leg c a. 

On the contrary, water ftands higher in the 
narrower leg, than in the wider. 

Exp. 3. In Fig. $j, abed repre&nts a re<9tart- 
gular plane of glafs, which makes one fide of. a 
wooden box. On the infide of this is another 
glafs plane of the fame fize, which at the end ac 
is preft c 1 ofe to the former, and opens to a fmall 
angle at the oppofite end bd. When mercury is 
poured into this box to any height as ce $ it infi- 
nuates itfelf between the two glafs planes, and 
rifing to different heights between the glaffes, 
where the opening is greater or lefs, it forms the 
common hyperbola cgf\ one of whofe afymp- 
totes ef is the line in which the furface of* the 
mercury in the box touches the inner glafs ; the 
other is the linear, in which the planes are join- 
ed. This hyperbola being carefully examined by 
Mr. Haukjbee and myfelf, the rettangles ehg, 
wherefoever taken, proved always equal to one an- 
other, to as great an accuracy as could be expect- 
ed, when the planes were opened to any confi- 
derable angle : but when the opening was very 
fmall, the inequalities of the planes, though the 
beft I could procure, bearing a greater proportion 
. than before to the diftance between them, oc- 
cafioned a fenfible variation. Which, by the way, 
I take to be the reafon, why the ordinates found 
by the late Mr. Haukjbee, in examining the curve 
produced in a contrary fituation, upon dipping 
5 two 
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two glafs planes fo joined into fpirit of wine, do 
- not anfwer to thofe of the hyperbola. 

Exp. 4. In Fig. 58, ab is a perpendicular fee- 
tion through two glafs planes joined at a> and 
% opened to a fmall angle at b ; c reprefents a pretty 
large drop of mercury, the larger the better, 
which being made to defcend as far as c, by 
holding the planes in an eredt pofture, with the 
end a downwards, retires from the contact of the 
planes to d % upon inclining the planes towards an 
horizontal fituation; and the diftanceo/ becomes 
greater or lefs, as the planes are more or lefs in- 
clined towards the horizon. 

A drop of any oily or watery liquor moves the 
contrary way, as has been (hewn by the late Mr* 
Haukjbee. 

Exp. 5. In Fig. 59, ab is a tube open at both 
ends, and a foot or two in length, whofe lower 
part is drawn out into a fine capillary at b. This 
tube being filled with mercury, the whole column 
of quickfilver will be fuftained in it, provided the 
capillary tube at b be fufficiently fmall. But if the * 
mercury in the end b be fufFered to touch any 
other mercury, it runs all out of the tube. If, 
without letting it touch any other mercury, a 
fmall part of the end b be broken off, the mercu- 
ry will run out, till it comes to. fome leffer height 
as be, at which it will again flop, the height be 
being nearly in a reciprocal proportion to the di- 
ameter of the fmall end of the tube. 

The feventh experiment in the former paper is 
the reverfe of this. 

Exp, 6. Is the fame in fubftance with the for- 
mer, 
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roer, but made with a large glafs-funnel db % in* 
ftead of a tube, Fig. 60. 

The rcverfe of this in water is the thirteenth 
experiment in the former paper. 

In all thefc experiments it is eafily feen, that 
the effedt is owing to the difference between the 
two attra&ions, by which mercury tends to glafs 
and to its own body ; they being always oppofed 
to one another, fo that a particular explication is 
no way neceflary. But perhaps it may lave fome 
little trouble to the reader, to remove the follow- 
ing objection, which will readily occur to him. 
. In the experiments brought to demonftrate the 
fourth proportion, the globule of mercury ad- 
heres to the glafs furface, which cannot be done 
without increafing the furface of the globule, and 
confequently removing fome of its particles from 
the contatt of one another. If therefore they tend 
more ftrongly to one another than to the gla/s, 
why do they not recede from the glafs, and at- 
. fume a figure perfectly fpherical, that they may 
all have the greateft contadt with each other ? 

To this we may anfwer, that the power by 
which mercury is attracted either by glafs, or by 
other mercury, is proportional to the attracting 
furface ; and therefore, though, cateris paribus^ 
the tendency of mercury to ghfs, is not fo ftrong 
as its tendency to other mercury, yet in this cafe 
a much greater number of mercurial particles 
coming into contadt with the glafs, than what 
recede from the contact of one another, it is no 
wonder that the attra&ion of the glafs prevails, 
and caufes the globule to adhere to it. For the 

number 
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number of mercurial particles which lofe their 
contadt with the other mercury, is no more than 
what makes up the difference of furface, which 
arifes from changing the figure of the drop; 
whereas the particles, which by this means come 
to adhere to the glaft, are all thofe that conftitute 
the plane furface, in which the globule touches it. 

Which confideration ought likewife to be ap- 
plied to the fufpenfion of quickfilver in glafs- 
tubes, either at extraordinary heights in the open 
air, or at leffer heights in a vacuum, as above-men- 
tioned. For the top of the tube being fpherical, 
or nearly fo, it will be found, that the contadt of 
the mercury with the extremity of the tube, is 
to the contadt with other mercury, which would 
be gained by its leaving the top of the tube, and 
defcending a very fmall fpacc, in a ratio infinitely 
great 5 and confequently that the contadt of the 
mercury with the top of the tube is one caufe of 
its fufpenfion. 

Coro/.i. From this propofition it appears, that 
in a barometer made with a narrow tube, the 
quickfilver will never ftand at fo great a height 
as in a wider- Which accounts for the phenome- 
non fo often mentioned, in the yearly hiftory of 
the Royal Academy of Sciences at Paris, by Mont 
De la Hire ; that in the barometer, which he 
conftantly made ufe of for his annual obfervations, 
the quickfilver did not rife fo high, as in another 
he kept by him, by about three lines and a half, 
which is near a third of an inch our meafure : for 
he tells us, that the tube of his barometer is very 
fmall. So that there is no need to have recourfe 
to any peculiarity, either in the quickfilver or the 

glafs 
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glafs of which that tube tf as made ; or to an un- 
perceived remnant of air left in the tube, from 
ibme of which caufes that effect, and fome others 
of the fame kind were imagined to proceed, 

CoroL 2. In a barometer made with a fmall 
tube, the mercury will rife and fall irregularly. 
For, as the height of the mercury depends partly 
upon the diameter of that part of the tube that 
touches the upper furface of the mercury, it is 
plain, that the unavoidable inequalities in the di- 
ameter of the tube will be more confiderable, in 
refpedttothe whole diameter; andconfequently 
will affedt the height of the mercury more in a 
fmall tube than in a wider. And this I take to be 
the reafon why it is fo very difficult, not to fay 
impcflible, to make two barometers which (hall 
exactly agree in the height of the quickfilver in 
all conftitutions of the air, efpecially if the tubes 
be very narrow. This irregularity is ftill more 
confiderable in the pendent barometer, in which 
the quickfilver moves through a large fpace, in 
order to make a fmall' alteration in the length of 
the column fufpended. The fame confideration is 
eafily extended to thofe levels, that depend upon 
the rifing of mercury to the fame height, in the 
oppofite legs of a bent tube; an inftrument of 
which kind has been lately offered. And as the 
effedt is juft contrary in levels made with water 
or. fpirit of wine, due regard ought to be had to 
this property in the conftru&ion of thofe inftru- 
ments, by making the tubes fufficiently wide, in 
order to diminifh the error as much as poflible. 
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The numbers refer to the pages, and the letters («r) (b) &ci 
to the Notes* 

A. 

AIR, 
its Denfity how much increased by compre&on, 117, 

its Elafticity, . 

what, 105. 

how caufed, 126. 

equivalent to the comprefling force, 105* 

equivalent to the weight of the atmofphere, 105. 

direflly as its denfity, 113. 

reciprocally as the fpace it poffeffes, 113, 
its Specifick Gravity, 

determined feveral ways, no (c) 3 ill, 183, 239* 
• by Galileo ) 184. 

by Merfennus, iSB. 

by Haukjbee, 190. 
the medium that propagates founds, 200* 
its undulations or pulfes explained, 205. » 
compreffed, has different effedts from thofe of common air f 

2i9- 
compreffed, confumes more fuel than common air, 234. 
artificial, 

produced by fermentations, diflblutions, and fire in va- 
cuo, 220, 235, 236. 

its produ&ion helped and hindered feveral ways,223,224. 

has different effe&s from thofe of common air, 226. 

its effe&s upon animals, 231. v 

its Spring not altered in a long tim?, 239. 

may be partly deftroyed, 240. 
. Air-pump, 

invented by Otto Gutrhke, 156. 

T ;l improved 



INDEX, 

improved by Mr. Bo)le> 157. 
improved by Mr. Haukfbee> 164' 
: exhaufts air, in what manher, 165. 
rarefies the air in a receiver to any given degree, (hewn by 

tables, 174. 
cannot exhauft the whofle air, 165, 170. 
its Gage confidered, 170. 
Animals, 

how afFe&ed by artificial air, 231. 
how by a vacuum, 233. 
ARCHIMEDES, firft cultivated ftydroftaticks, 2. 
firft determined the fpecifick gravity of bodies, 57. 
determined the allay in K. Hiero's crown, 57. 
his book di Injidentibus Humldo confidered, 44, 57. 
AsceKt (and Defcent) of bodies in fluids explained, 44, 46. 

of bubbles and images, 54. 
Atmosphere, 
its Preffure, 

firft fuggefted by Galileo, 2, 136. . 

proved by the Torricellian experiment, 86. 

proved by the Pafcalian experiment, 98. 

proved by combining different fluids in a tube, rar, 

107, 109 (b). 
diminifhedin afcending upwards, no, in (c). 
how great upon the whole earth, 112. 
its Rarity at any altitude determined, 119, 122,192, 199, (tf). 
its Altitude, how limited, m8. 
how great, if reduced everywhere to the denftty here 
below, 116. 
has fenfible effe&s to what height* 1 24. 
Attraction, 

of particles of water by one another, 281. 

of particles of quickfilver by one another, ibid* 

of water by glafs, 145, 281. 
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of quickfilver by glafs, 281. 

of water by glafs greater than by the water itfelf, 28*. 
of quickjiker by glafs lei's than by theq,uickiilver itfelf,282. 
v • of qijHckfilvjer by glafs planes, 285. 

of water by glafs planes, 285. 
rfZOVT's eKperknejtt upon the barometer, 92 (b). 
decifive in favour of the air's preflure, 92. 

B. 
Balance, Hydrbftatical defcribed/63 (a). 

Compound, defcribed, 48 (*), 59. 
Barometer, hpw made, 86 (a). 
. how it predifts the changes of weather, 246, 

pendent, its irregularities, 288. 
Bellows, hard to be opened, its vent being ftopt, 128. 
BOYLE 's Statical Barofcope, 54. 

Experiments upon, fa&itious airs, 222. 

Value for hydroftaticks, 85* 

Hydroftatical paradoxes, 17. 
Bucket full of water, its weight not perceived while in 

water, 8, 51. 

C. „ 

Capiwart Tubes, and Siphons, 

their phenomena confidered, 137. 

their phenomena the fame in vacuo as in the air, 142,148. 

their pbmomena folvable by attraction, 145, 147. 

caufe of their phenomena mifundesftood, 265. 
- < caufe of their phenomena dete&ed, 269. 

spontaneous afcent of water explained, 273. 

can fufpend any aflignable quantity of water, 273, 276. 

canfufpend a large quantity of quickfilver, 276. 
CASWELUs experiment with a barometer upon Smwdon 

Hill % 112, 

T 2 C£NTER 



INDEX.- 

Center of Pressure, what, 40. 

how determined upon any plane, 41, 44. ' f 

when the fame as the center of percuflion, 41. * 

Combination of different fluids in a tube, 101,107, 109 {*£. 

Condenser and its gage, 179, 180. 

Cubick foot of water weighs 1000 averdupois ounces* 76. 

Cupping-glass, its effedts, 130, 133. 

Custom, its great power over reafon, 155, 

a 

Descent and afcent of bodies in fluids explained, 44, 47, 

Divers under water fuftain great prefliire, 8, 43. 

but feel no pain, 8. 

E. 
Elasticity of air, its properties, 105, J07. * 

its caufe fuggefted, 126* 

F. 
Flesh, how preferved a long time, 244. 
Floating of bodies upon fluids explained, 47, 48,(0), 50*56. 
Fluidity, what, 5. 
Fluids, prefs equally every way, 10 (t) 31. . . 

gravitate upon one another, 11 (c). 

their particles not neceffarily in continual motion, 145. 
Force of afcent anddefcerit of bodies in fluids, 45, 47, 48 (*}. 
Fossils, how explored, 83. 
Fug a vacui, a falfe caufe of phenomena, 91, 128. 

exploded by Galileo, 136, 

G. 
GALILEO^ firft fuggefted the air's preffure, 2, 136, 184, 

determined the air's fpecifick gravity, 184- 
Geometry, how enlarged by hydroftaticks, 75, 
Gravity, an universal quality of matter, 6. 

of fluids in propria' lc#> y 6, 9 (a), 52. 

diftinguifhed 
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x diftinguiflied into abfolute and relative, 52. > 
relative unchangeable in water at all depths, 53. 
relative changeable in the air, 53. 
fpecifick, what, 57. 

fpecifick, how determined in fluids and folids, 58, 72. 
of common water, nearly the fame in all countries, 71;., 

H. 

HAUKSBEE's determination of the air's fpecifick gravity, 

190. ' 

Heats of various bodies meafured and compared, 253, 
HI ER&s crown analyfed, 81. 
HOOK's folution of the phenomena of capillary tubes, 138. 

proved inefficient, 141, 144. 
HUGENIUS'sch&rd&erof Newton's Princfya, 155. 
Hydrostaticks, what, 5. , 

iirft cultivated by Archimedes 9 2, 44, £7. 

ufeful to philofophers and artifts, 82. 

enlarges our geometry, 75. 

improves our ftaticks, 75. 

I. 

Images and bubbles afcend and defcend in water, 54. 

L. 

Light, not propagated by a flufd, 210. 

its velocity, 210. 
LINUS, his folution of the phaenomena of the Torricellian 

tube, 88. 

M. 
Magnitudes of bodies determined by their weight! and 

fpecifick gravities, 75, 78. 
Meteor in the fihape of a femicircle, 125, 
Mixture of metals given, to find the proportion of the in- 
gredients, 80j 81 (*). 

Motion 



I N D, E X. 

Motion perpetual, unfucce&fully attempted, 265* 
Musical progreifion explained, 180. 

O. 

OTTO.GUERICK&* Uvenafofc of m air-pump, 1 g>. 
Ounce, averdupois, cwtains 437 * grains Tcoy, 77. - ♦- - : 
Roman, nearly equal to the averdupois, 77. 

P. 

PASCJUs experiments, 

of barometers with water and wine, 98* 

with a barometer upon the Puis, de Domme> 1 12* 

Ihewing why fiphons flow, 13 (a), 22. 
Plates polifbed flick together, 25, 128, 130, 137* 
Posture of floating bodies, 56, 
Preservation of bodies in coraprpffed liquors, 74P . 
Pressure of a fluid, 

propagated every way alike, jq (>), 31, 

its general effc£U, 12. 

fuftains the heavieft bodies, 13 (a ), 14, 15. 

detains the lighteft bodies, 13 (*), j8, 20» 

caufes fiphons to run, 13 (*), 23, 24 (£). { 

caufes water to afcend in pipes, pumps, and fyripges, 24, 25. j 

caufes polifhed plates to # c<?here, 2$. 

its quantity as the depth of the part prefled, 28, .30 (*)• 

its quantity fuflained by thefide^f a cubical ve(fel, 27 * 

its quantity fuflained by a plane furface, 35, 36. 

its quantity fuflained by any curve furfaces, 36, 37* 

it} quantity fuflained by 3 diver, 9* 43. 

.its center what, and how found, 49, 44. 

of the atmofphere at different altitudes, no, in. 

of the atmofphere upon the whole- ealth, 112. - - 
Pumps explained, 2i> 25* 129* 135. 

Q?*cS« 
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J. . ■" ■ ' '^• , ••••'"•••• ;; 

Quicksilver att;ra£te glafs lcfs than its own particles, 1489 
(a), 282. 
,1 below the level in capillary tubes, 148 (a). 
r fufpended in a tube to extraordinary heights in Vacuo, 

R. 

Rarefaction of Linfccd oil by heat, 258, 260 (/)♦ 
of air and Linfeed oil compared, 258. 
. pf fpirit of wine and Linfeed oil compared, 258 (d ). 
Receiver, in what manner evacuated by an air-pump, i66» 
cannot be quite evacuated, 170. 

S. 

. Siphon explained, 13 (*), 22, 24 {*), 130, 136. 
SLARE's experiment of mixing two liquors in vacuo, 220* « 
Sounds, * 

propagated by the air alone, 100. I 

not tranfmitted through a vacuum, 202* j 

propagated iii what manner, 202, 204. 

propagated in all dire&iorts, 203, 208. 

their velocity determined, 215. 
2f their Velocity altered by winds, 216. 

their velocity altered by heat and cold, 2i8i 
Specifics Gravity of bodies, 
' determined by the hydroftatical balafiee, 57—73* 

determined by their weigfets and magnitudes, 76, 78. 

{hewn beatable, 73. 
Spirit of wine hinders the produdion of air, 226. * 

imbibes air very faft, 244, (a). 
j not compreffible by a great forc6, 239. 

Standard altitude different in different tubes, 287. 

Staticks improved by hydroftaticks, 75. 

Statical Theorem demonftrated, 38 {b). * 

; 1 SuCTIOtfy 
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Suction, how performed, 129, 134. 

Surfaces of Fluids, fome concave, fome convex, 14& 

Syringe explained 21, 25, 129, 134. 

Swimming of a body between two fluids, 49, 50 (£). 

T. 

Thermometers fo conftru&ed as to denote the fame de- 
grees of heat, tho* never adjufted to one another, 260. 

Torricellian Tube, its phenomena, 86 (*), 87. 

Table, of fpecifick gravities of bodies, 73. 

of the number of turns of an air-pump for rarifying air to 
any given degree, 174. 

u. 

Vacuum at the top of a barometer, 97. 
Undulations of water and air compared, 202, 2i2« 

W. 

WALLIS?* experiment of weighing a barometer, 95 (a). 
Water in all countries has nearly the faipe weight, 71. 

weighs 1000 averdupois ounces per cubick foot, 76, 
We^ather-Glass. See Barometer. 
Weights ancient and modern compared, 77. 
Weights of bodies in fluids, abfolute and relative, 52, 53. 

determined by their maghitudes and fpecifick gravities, 

75, 7»- 
Winds, their velocity, 217. 

Wood, its fubftance heavier than Water, 73 (a) % 
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